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©  Rotor  shaft  of  a  wind  turbine  and  mounting  therefor. 
An  improved  hydraulic  suspension  system  for  support- 

ing  a  rotor  shaft  of  a  vertical  axis  wind  turbine,  the 
improvement  comprising  the  rotor  shaft  having  a  bottom 
surface  sitting  on  a  bearing  surface  supported  for  angular 
rotation  by  the  bearing  surface  and  hydraulic  fluid  presented 
to  a  space  below  the-  bottom  surface.  In  one  form  of  the 
invention  a  hydraulic  suspension  system  for  supporting  a 
rotor  and  bull  gear  of  a  vertical  axis  wind  turbine  comprises  a 
base,  a  bull  gear  adapted  to  rotate  above  the  base,  the  bull 
gear  and  base  presenting  a  housing  and  a  shaft  terminating 
in  an  inner  end  wall  and  end  surface,  the  housing  for 
receiving  the  shaft,  one  of  said  hollow  housing  or  shaft  being 
stationary  and  the  other  being  rotatable  with  respect  thereto 
and  secured  to  the  bull  gear  and  having  a  centrally  disposed 
circular  opening  therethrough  surrounded  by  an  annular 
bearing  surface,  the  rotor  being  of  a  diameter  at  its  lower  end 
to  seat  on  the  annular  bearing  surface  closing  the  centrally 
disposed  circular  opening,  the  shaft,  housing  and  rotor  when 
secured  together  presenting  a  space  between  the  inner  end 
wall,  end  surface  and  bottom  of  the  rotor,  sealing  means 
between  the  rotor  and  bearing  surface,  bearing  and  sealing 
means  between  the  housing  and  shaft,  a  fluid  passageway 
opening  into  the  space  between  the  inner  end  wall,  end 
surface  and  bottom  of  the  rotor  for  feeding  hydraulic  fluid 

under  pressure  into  the  space  for  hydraulically  elevating  the 
bull  gear  and  rotor,  means  precluding  the  bull  gear  and  rotor 
from  rising  more  than  a  predetermined  controlled  distance, 
means  for feeding  the  fluid  under  pressure  to,  and  means  for 
draining  fluid  from, the space,  and  a  reservoir for  such  fluid. 





FIELD  OF  INVENTION 

This  i nven t ion   r e l a t e s   to  v e r t i c a l   axis  wind  t u r b i n e s   and  components  u s e f u l  

t h e r e f o r ,   i n c l u d i n g ,   h y d r a u l i c   suspension  systems  f o r  s u p p o r t i n g   components  of  

the  v e r t i c a l   axis  wind  t u r b i n e ,   braking  systems  and  an  overspeed  sa fe ty   d e v i c e .  

BACKGROUND  OF  THE  INVENTION 

In  co-pending  European  pa ten t   a p p l i c a t i o n   No.  82302631.5  there  is  d e s c r i b e d  

an  improved  gear  box  assembly  for  a  v e r t i c a l   axis  wind  t u r b i n e ,   the  v e r t i c a l  

axis  wind  tu rb ine   having  a  ro to r   having  a  c e n t r a l l y   d isposed  axis  o r i en ted   i n  

the  v e r t i c a l   d i r e c t i o n ,   a  bull  gear  suppor t ing   the  r o t o r ,   a  base  below  the  b u l l  

gear,   the  bul l   gear  and  base  p r e s e n t i n g   a  hollow  housing  and  shaf t   t e r m i n a t i n g  

in  an  inner  end  wall  and  end  sur face   r e s p e c t i v e l y ,   the  housing  for  r ece iv ing   t h e  

s h a f t ,   one  of  said  hollow  housing  or  shaf t   being  s t a t i o n a r y   and  the  other  b e i n g  

r o t a t a b l e   with  r e spec t   t h e r e t o   and  secured  to  the  bul l   gear ,   the  shaf t   and 

housing  when  secured  t oge the r   p r e s e n t l n g   a  space  between  the  inner  end  wall  and 

end  s u r f a c e ,   bear ings   suppor ted  between  the  housing  and  s h a f t ,   a  f lu id   p a s s a g e -  

way  extending  into  the  space  c rea ted   between  the  inner  end  wall  and  end  s u r f a c e  

for  feeding  h y d r a u l i c   f l u id   under  p ressure   into  the  space  for  h y d r a u l i c a l l y  

e l e v a t i n g   the  bull   gear  r e l a t i v e   to  the  base,  means  p r ec lud ing   the  gear  from 

r i s i n g   more  than  a  p rede te rmined   d i s t ance   or  c o n t r o l l e d   d i s t a n c e ,   means  f o r  

feeding  the  f lu id   under  p ressure   to,  and  means  d ra in ing   the  f lu id   from,  t he  

space,   and  r e s e r v o i r   for  such  f l u i d .  

While  the  a f o r e s a i d   s t r u c t u r e   overcomes  problems  d i scussed   in  the  s a i d  

a p p l i c a t i o n ,   the  p resen t   a p p l i c a t i o n   deals  with  a  m o r e  e f f i c i e n t   approach  to  

h y d r a u l i c a l l y   suppor t ing   the  bull   gear,   ro tor   and /o r /guy   wires  of  v e r t i c a l   a x i s  

wind  t u r b i n e s   and  p a r t i c u l a r l y   the  bull   gear,   r o to r s   and  guy  wires .   P a r t i c u l a r l y ,  

in  the  d e s c r i p t i o n   of  the  embodiment  of  the  i nven t ion   d i s c l o s e d   in  the  a f o r e s a i d  

pa ten t   a p p l i c a t i o n ,   the  ro tor   is  wholly  supported  by  the  bull   gear.   T h e r e f o r e ,  

when  the  bull  gear  is  h y d r a u l i c a l l y   l i f t e d   and  suppor ted ,   the  rotor   is  also  l i f t e d .  

In  the  l a rge r   wind  tu rb ines   (for  example,  wind  t u rb ines   that   genera te   g r e a t e r   t h a n  



1/3  megawatt)   the  fo rces   exe r t ed   between  the  end  of  the  r o to r   and  sea t ,   and 

r e s u l t a n t   wear  and  t ea r   of  the  metal  between  the  r o t o r   and  sea t ,   i n c r e a s e  

d r a m a t i c a l l y   thereby  i n c r e a s i n g   the  i n t e r v a l s   between  maintenance  and  d e c r e a s i n g  

the  useful   l i f e   expec tancy   of  the  wind  t u r b i n e .  

A d d i t i o n a l l y ,   when  the  ro to r   of  the  v e r t i c a l   axis  wind  tu rb ine   i s  

braked  as  d e s c r i b e d   in  the  said  co-pending  a p p l i c a t i o n ,   the  guy  t e n s i o n i n g  

a b i l i t y   of  the  wind  t u r b i n e   c e a s e s .  

In  the  said  co-pending   a p p l i c a t i o n ,   I  also  d i s c l o s e d   an  emergency 

s a f e t y   device  for  a s s i s t i n g   to  brake  the  wind  t u rb ine   when  the  angular   v e l o c i t y  

of  the  r o t o r   exceeded  a  p rede te rmined   v e l o c i t y .   In  th i s   regard ,   the  opening  of  a 

normally  c losed  valve  l ead ing   from  the  space  between  the  bull  gear  and  s h a f t  

(over  which  the  bull  gear  r o t a t e d   when  e l eva ted   by  the  hydrau l i c   f lu id )   o c c u r r e d  

when  the  weighted  pendulum  tha t   r o t a t e d   with  the  ro to r   reached  a  p r e d e t e r m i n e d  

extended  pos i t i on -when   the  angular   v e l o c i t y   of  the  r o to r   exceeded  a  p r e d e t e r -  

mined  angula r   v e l o c i t y .   While  th is   approach  was  an  improvement  to  pr ior   a r t  

app roaches ,   i ts   r e l i a b i l i t y   to  open  at  a  p rede te rmined   angular   ve loc i t y   could  

not  be  assured   because  of  for  example,  f r i c t i o n .  

It  is  t h e r e f o r e   an  ob jec t   of  this   i n v e n t i o n ,   to  provide  an  improved 

v e r t i c a l   axis  wind  t u r b i n e   and  components  t h e r e f o r ,   i nc lud ing   h y d r a u l i c  

suspens ion   systems,   braking  system,  and  an  overspeed  s a f e ty   device  whol ly  

r e l i a b l e   in  emergency  s i t u a t i o n s ,   and components  t h e r e f o r ,   which  overcome  t h e  

a fo remen t ioned   d e f i c i e n c i e s   found  in  p r io r   art   s t r u c t u r e s .   These  improvements 

also  inc lude   an  improved  hyd rau l i c   suspension  system  for  h y d r a u l i c a l l y   s u p p o r t -  

ing  the  r o to r   s h a f t ,   bull  gear  and  ro tor   shaf t   t o g e t h e r   and  in  some  embodiments 

main ta in   the  t ens ion   of  the  guy  wires  of  t h e  v e r t i c a l   axis  wind  tu rb ines   even 

when  the  bull  gear  has  been  braked,  and  more  e f f i c i e n t   components  for  t h e s e  

s t r u c t u r e s , a n d   a  r e l i a b l e   overspeed  sa fe ty   device  which  opera tes   in  emergency 

s i t u a t i o n s   to  e f f e c t i v e l y   shut-down  the  ope ra t ion   of  the  v e r t i c a l   axis  wind 

t u r b i n e .  

Fur ther   and  o ther   ob jec t s   of  the  inven t ion   will  be  r e a l i z e d   by  t hose  



s k i l l e d   in  the  ar t   from  the  fo l lowing  summary  of  the  i nven t ion   and  d e t a i l e d  

d e s c r i p t i o n   of  the  p r e f e r r e d   embodiments  t h e r e o f .  

SUMMARY  OF  THE  INVENTION 

According  to  one  aspec t   of  the  i n v e n t i o n ,   an  improved  hyd rau l i c   s u s p e n s i o n  

system  is  provided  for  suppor t ing   a  ro to r   shaf t   of  a  v e r t i c a l   axis  wind  t u r b i n e ,  

the  improvement  compris ing  the  ro to r   shaf t   having  a  bottom  sur face   s i t t i n g   on 

a  bear ing   surface   ( p r e f e r a b l y   an  annular   s p h e r i c a l   bear ing  sur face)   s u p p o r t e d  

for  angular   r o t a t i o n   by  the  bear ing  s u r f a c e ,   and  hyd rau l i c   f lu id   p resen ted   to  a 

space  below  the  bottom  s u r f a c e .   In  one  embodiment,  the  space  is  c rea ted   be tween  

a  support   comprising  an  ups tanding   con t inuous   wall  provided  to  support   the  r o t o r  

shaf t   for  r o t a t i o n ,   and  the  bottom  of  the  r o t o r .   A  f lu id   passageway  leading  i n t o  

the  space  for  feeding  h y d r a u l i c   f lu id   into  the  space,  means  for  feeding  the  f l u i d  

into  the  space,  sea l ing   means  for  s ea l ing   the  space  and  a  r e s e r v o i r   for  the  f l u i d  

are  a l l   p r o v i d e d .  

Where  the  ro tor   is  mounted  for  angula r   r o t a t i o n   in  con junc t ion   with  a  b u l l  

gear ,   the  ro to r   shaf t   may  be  supported  by  h y d r a u l i c   f lu id   in  a  space  between  t h e  

bottom  of  the  ro tor   shaf t   and  that   part   of  the  bull   gear  in  which  the  r o to r   s h a f t  

is  secured.   In  this   event ,   the  bull   gear  may  be  h y d r a u l i c a l l y   supported  as  shown 

in  co-pending  a p p l i c a t i o n   No.  82302631.5  or  o t h e r w i s e .  

In  this  regard ,   and  according  to  another   aspect   of  the  i nven t ion ,   an  improved 

h y d r a u l i c   suspension  system  is  provided  for  suppor t ing   a  ro tor   and  bul l   gear  of  

a  v e r t i c a l   axis  wind  tu rb ine   comprising  a  base,   a  bull   gear  adapted  to  r o t a t e  

above  the  base,  the  bull   gear  and  base  p r e s e n t i n g   a  housing  and  shaf t   t e r m i n a t i n g  

in  an  inner  end  wall  and  end  surface   r e s p e c t i v e l y ,   the  housing  for  r e c e i v i n g  

the  sha f t ,   one  of  said  housing  or  shaf t   being  s t a t i o n a r y   and  the  other  b e i n g  

r o t a t a b l e   with  r e spec t   t h e r e t o   and  secured  to  the  bull   gear  and  having  a  c e n t r a l l y  

disposed  c i r c u l a r   opening  surrounded  by  an  annular   bearing  surface   ( b e i n g  

p r e f e r a b l y   an  annular   s p h e r i c a l   bearing  s u r f a c e ) ,   the  ro tor   being  of  a  d i a m e t e r  

at  i ts   lower  end  to  seat  on  the  annular   bear ing  surface   and  close  the  c e n t r a l l y  

disposed  c i r c u l a r   opening,  the  sha f t ,   ro to r   and  housing  when  s e c u r e d  



t o g e t h e r   p r e s e n t i n g   a  space  between  the  inner   end  wall ,   end  s u r f a c e ,   and  bot tom 

of  the  r o t o r ,   bear ing  and  s ea l i ng   means  between  the  housing  and  s h a f t ,   a  f l u i d  

passageway  opening  into  the  space  between  the  inner   end  wal l ,   end  sur face   and 

bottom  of  the  ro to r   for  feeding  h y d r a u l i c   f lu id   under  p ressure   into  the  space  f o r  

h y d r a u l i c a l l y   e l e v a t i n g   the  bull  gear  and  r o t o r ,   means  p rec lud ing   the  bull  g e a r  

and  ro to r   from  r i s i n g   more  than  a  p rede te rmined   or  c o n t r o l l e d   d i s t a n c e ,   means 

for  feeding  the  f l u id   under  p r e s su re   to,  and  means  for  d ra in ing   f lu id   from,  the  

space ,   ana  a  r e s e r v o i r   for  such  f l u i d .  

P r e f e r a b l y ,   means  p r ec lud ing   the  bull  gear  from  r i s i n g   more  than  a 

p r e d e t e r m i n e a   or  c o n t r o l l e d   d i s t a n c e   comprises  the  means  for  d ra in ing   f luid  from 

the  space.   In  this   i n s t a n c e ,   when  the  bull  gear  and  ro tor   are  e l eva ted   a  p r e -  

de te rmined   d i s t a n c e ,   a  drain  is  exposed  to  the  space  which  dra ins   the  f lu id   from 

the  s p a c e .  

In  another   aspect   of  the  i n v e n t i o n ,   an  improved  h y r a u l i c   s u s p e n s i o n  

system  is  provided  for  suppor t ing   a  r o to r   and  bull  gear  of  a  v e r t i c a l   axis  wind 

t u r b i n e ,   the  v e r t i c a l   axis  wind  t u rb ine   compris ing  a  base,  a  bull  gear  adapted  to  

r o t a t e   above  the  base,  a  ro to r   o r i e n t e d   in  the  v e r t i c a l   d i r e c t i o n   coupled  to  t h e  

bull  gear  to  r o t a t e   t h e r e w i t h ,   the  base  suppor t ing   a  s t a t i o n a r y   c e n t r a l l y  

d i sposed   c y l i n d r i c a l   v e r t i c a l   shaf t   having  an  upper  end,  the  bull  gear  having  a 

c e n t r a l l y   d isposed  annular   hub  of  a  p rede te rmined   inner  d iamete r ,   the  v e r t i c a l  

sha f t   of  a  s l i g h t l y   l e s s e r   outer   d iameter   than  the  i n t e rna l   d iameter   of  the  hub, 

the  annula r   hub  having  a  top  having  a  c i r c u l a r   opening  c e n t r a l l y   disposed  t h e r e i n  

surrounded  by  an  annular   bearing  s u r f a c e ,   ( p r e f e r a b l y   an  annular   s p h e r i c a l  

bear ing   s u r f a c e )   sur rounding   the  c i r c u l a r   opening,   the  ro tor   being  of  a  d i a m e t e r  

at  i t s   lower  end  to  s i t   aga in s t   the  annu la r   bearing  surface   and  close  t h e  

opening,   bear ing  and  s ea l ing   means  between  the  annular   hub  of  the  bull  gear  and 

s t a t i o n a r y   s h a f t ,   a  f l u id   passageway  opening  into  the  space  between  the  upper  end 

of  the  s h a f t ,   top  of  the  hub  of  the  bull  gear,   and  bottom  of  the  r o to r ,   f o r  

feeding  h y d r a u l i c   f l u id   under  p ressure   into  the  space  for  h y d r a u l i c a l l y   e l e v a t i n g  

the  bull  gear  and  ro to r   r e l a t i v e   to  the  base,  means  p rec lud ing   the  bull  gear  and 



ro to r   r i s i n g   more  than  a  p rede te rmined   or  c o n t r o l l e d   d i s t a n c e   (  in  one  embodiment 

compr i s ing ,   the  guy  wires  secured  to  the  guy  wire  coupl ing   secured  to  the  upper  

end  of  the  r o to r ,   and/or   a  drain  for  d ra in ing   f lu id   from  the  space,   the  d r a i n  

being  exposed  to  the  space  when  the  bull  gear  and  ro to r   have  been  e leva ted   a 

p rede t e rmined   d i s t a n c e ) ,   means  for  feeding  the  f l u id   under  p r e s su re   to  the  s p a c e ,  

means  for  d r a in ing   f lu id   from  the  space,   and  a  r e s e r v o i r   for  such  f l u i d .  

Accorcing  to  another   aspect   of  the  i n v e n t i o n ,   the  means  for  d r a i n i n g  

f lu id  may  comprise  a  passageway  in  the  annular   hub  wall  of  the  bull  gear  which 

opens  into  the  space  between  the  hub  and  shaf t   a f t e r   the  bull  gear  and  rotor   have 

been  r a i sed   a  p rede te rmined   l e v e l .  

Accoraing  to  another   aspect   of  the  i n v e n t i o n ,   brake  pads  may  be  i n t e r -  

posed  between  the  bottom  of  the  bull  gear  and  base  to  stop  the  motion  of  the  b u l l  

gear  r e l a t i v e   to  the  base  when  the  gear  is  lowered  onto  the  b a s e .  

The re fo re ,   by  having  both  the  bull  gear  and  ro to r   supported  by  t he  

. hydrau l i c   f l u i d ,   the  load  t r a n s m i t t e d   at  the  bearing  su r face   between  the  r o t o r  

and  bull  gear ,   can  be  s e l e c t e d   for  optimal  e f f i c i e n c y   and  depending  upon  the  

r a t i o   of  area  (A)  of  the  opening  through  the  bull  gear  through  which  the  r o t o r  

p ro t rudes   into  the  space  divided  by  the  c r o s s - s e c t i o n a l   area  (B)  of  the  space  

c rea ted   between  the  bottom  of  the  r o to r ,   inner  end  wall  and  end  surface  p rox imate  

the  o p e n i n g .  

In  this   r egard ,   the  to ta l   load  t r a n s m i t t e d   (Lt)  that   must  be  s u p p o r t e d  

=  L g +  WR  +WB 

where  Lg =  downward  load  from  the  guys 

WR=  Weight  of  Rotor  and  WB = Weight  of  the  bull  g e a r .  

This  load  is  supported  by  the  hydrau l ic   f l u id   (P 0 x   B )   where  P  0  

incoming  p re s su re .   There fore ,   Po B  = L g +  WR \ +  WB . 

The  load  that   is  t r a n s m i t t e d   at  the  metal  to  metal  contact   between  t he  

b u l l  g e a r   and  ro tor   for  the  purposes  herein:   L   =P o  B -P o A-WB 

There fore ,   L m  =  Po (B-A)-Wn 



According  to  ano the r   a spec t   of  the  i n v e n t i o n ,   the  upper  end  of  a  wind 

tu rb ine   comprises  an  upper  head  assembly  for  s ecur ing   the  guy  wires  of  the  wind 

tu rb ine   t h e r e t o ,   the  upper  head  assembly  compris ing   a  guy  wire  coupling  to  which 

the  guy  wires  are  s ecu red ,   a  suppor t   for  suppor t i ng   the  guy  wire  coupl ing ,   t he  

guy  wire  being  v e r t i c a l l y   d i s p l a c a b l e   r e l a t i v e   to  the  suppor t ,   the  guy  w i r e  

coupling  and  support   p r e s e n t i n g   a  housing  and  s h a f t ,   the  sha f t   for  being  r e c e i v e d  

in  the  housing  and  p r e s e n t i n g   a . space   the rebe tween   for  r e c e i v i n g   f lu id   t h e r e -  

between  for  v e r t i c a l l y   d i s p l a c i n g   the  guy  wire  coupl ing  from  the  suppor t ,   a  f l u i d  

passageway  opening  into  the  space ,   means  for  supply ing   f lu id   through  the  f l u i d  

passageway  to  e leva te   the  coupl ing   r e l a t i v e   to  the  suppor t ,   s ea l ing   means  f o r  

sea l ing   the  space  between  the  s h a f t   ana  housing  and  means  to  drain  the  f lu id   from 

the  s p a c e .  

While  the  guy  wires  themselves   l imi t   the  v e r t i c a l   d i sp lacement   of  t h e  

shaf t   r e l a t i v e   to  the  hous ing ,   a  drain  may  also  be  provided  which  is  exposed  t o  

the  space  to  drain  the  space  when  t-ne  shaf t   is  d i s p l a c e d   more  than  a  given  amount 

from  the  h o u s i n g .  

According  to  ano ther   aspect   of  the  i n v e n t i o n ,   the  upper  end  of  a  r o t o r  

of  a  wind  tu rb ine   may  include  a  f l u id   passageway  opening  proximate  the  upper  end 

of  the  ro tor   into  a  space  between  the  ro tor   and  a  guy  wire  coupling  ( p r e f e r a b l y  

opening  through  the  top  su r face   of  the  ro to r   into  a  head  to  which  the  guy  w i r e s  

may  be  secured  or  a  guy  wire  coupl ing  seated  over  the  upper  end  of  the  r o t o r ) ,  

means  for  supplying  f lu id   through  the  f lu id   passageway  to  e l eva t e   the  c o u p l i n g  

r e l a t i v e   to  the  rotor   end,  s e a l i n g   means  p r e f e r a b l y   between  the  coupling  and  t he  

upper  end  of  the  ro to r ,   and  means  to  drain  the  f l u id   from  the  s p a c e .  

According  to  another   aspec t   of  the  i n v e n t i o n ,   an  upper  head  assembly  

for  securing  to  the  top  of  a  r o to r   shaf t   of  a  v e r t i c a l   axis  wind  tu rb ine   i s  

provided  for  securing  the  guy  wires  t h e r e t o ,   the  upper  head  assembly  and  r o t o r  

shaf t   p resen t ing   a  housing  and  sha f t   t e rmina t ing   in  an  end  wall  and  end  s u r f a c e  

r e s p e c t i v e l y ,   the  housing  for  r e c e i v i n g   the  sha f t ,   one  of  said  housing  or  s h a f t  

secured  to  the  upper  end  of  the  ro to r   shaf t   and  the  o ther   for  secur ing  to  guy 



wires,   the  housing  and  shaf t   being  v e r t i c a l l y   d i s p l a c a b l e   with  r e spec t   to  

one  another  by  f l u i d   being  fed  into  a  space  between  the  end  wall  and  end  s u r f a c e ,  

a  f lu id   passageway  opening  into  the  space  through  which  f lu id   is  fed  into  t h e  

space,  means  for  p r e c l u d i n g   the  guy  wire  coupl ing  r i s i n g   more  than  a  p r e d e t e r -  

mined  or  c o n t r o l l e d   d i s t a n c e ,   means  for  feeding  the  f l u id   under  p ressure   to  

e levate   the  member  secured   to  the  guy  wires  and  means  for  d r a i n i n g   the  f lu id   to  

lower  the  l a s t   member,  and  a  r e s e r v o i r   for  such  f l u i d .  

P r e f e r a b l y ,   the  f lu id   passageway  of  the  upper  head  assembly  i s  

connected  to  the  space  c rea ted   by,  the  end  wall ,   end  su r face   and  bottom  of  t he  

rotor   of  the  v e r t i c a l   axis  wind  turbine   to  which  space  h y d r a u l i c   f lu id   is  fed  

for  h y d r a u l i c a l l y   s u p p o r t i n g   the  bull  gear  and  ro to r .   In  th is   regard ,   a c c o r d i n g  

to  another  aspect   of  the  i nven t ion ,   the  f lu id   passageway  may  lead  from  the  space 

between  bull  gear,   r o t o r   and  top  of  the  s h a f t ,   to  open  into  the  space  created  in  

the  upper  head  assembly  and  the  f lu id   passageway  may  include  a  p ressure   r e g u l a t -  

ing  valve  and  one-way  check  valve  between  the  p ressure   r e g u l a t i n g   valve  and  top 

of  the  wind  t u rb ine   to  preclude  f luid  t r a n s m i t t e d   to  the  upper  end  of  the  r o t o r  

from  r e tu rn ing   via  said  passageway  when  f lu id   is  drained  from  the  space  c r e a t e d  

between  the  sha f t ,   hub  and  r o t o r .  

According  to  another   aspect   of  the  i n v e n t i o n ,   a  hyd rau l i c   damper  may  be 

provided  between  the  check  valve  and upper  head  assembly  the  hydrau l i c   damper  f o r  

d i s s i p a t i n g   energy  in  the  sys tem.  

According  to  another   aspect   of  the  i n v e n t i o n ,   the  hydrau l i c   damper  may 

comprise  a  r e s t r i c t i o n   in  a  c o n d u i t .  

According  to  another   aspect  of  the  i nven t ion ,   the  hydrau l i c   damper 

may  include  a  r e s t r i c t i o n   and  a  hydraul ic   accumulator   connected  in  pa r a l l e l   to  

the  r e s t r i c t i o n   for  d i s s i p a t i n g   ene rgy .  

As  in  the  e a r l i e r   a p p l i c a t i o n ,   brake  pads  can  be  i n t e rposed   between  the 

base  (above  which  the  bull  gear  will  r o t a t e ) ,   and  bull  gear,   for  braking  the  bu l l  

gear  as  the  bull  gear  is  lowered  by  the  drainage  of  f lu id   from  the  space.  In  an 

emergency  s i t u a t i o n ,   when  the  angular  v e l o c i t y   of  the  ro tor   exceeds  a  p r e a e t e r m i n e c  



angula r   v e l o c i t y ,   an  overspeed   s a f e t y   device  can  be  provided ,   secured  to  t h e  

r o t o r ,   to  cause  the  r ap id   a r a inage   of  the  f l u i d   from  the  space  between  the  bottom 

of  the  r o t o r ,   inner   end  wall  and  end  su r f ace   lowering  the  bull  gear  onto  t h e  

brake  pads,  the  over speed   s a f e t y   device  compr is ing   a  passageway  l ead ing   from  the  

space  c o n t a i n i n g   the  f l u i d   between  the  inner   end  wal l ,   end  s u r f a c e ,   and  bottom  o f  

the  ro tor   for  p e r m i t t i n g   the  f l u id   to  leave  the  space  via  the  passageway  when  t h e  

angular   v e l o c i t y   of  the  r o t o r   exceeds  a  p r ede t e rmined   angular   v e l o c i t y ,   means 

c los ing   the  passageway  compris ing   a  p ivo ta l   arm,  p r e f e r a b l y   i nc lud ing   means  on 

the  end  of  arm  for  c l o s i n g   the  passageway,  the  l a s t   means  p r e f e r a b l y   p i v o t a b l e  

with  r e spec t   to  the  arm,  the  p ivota l   arm  p i v o t a b l e   about  a  pivot   point   on  the  enc 

of  the  arm  remote  the  means  c los ing   the  passageway  in  a  d i r e c t i o n   away  from  the  

ro to r   from  a  p o s i t i o n   c lo s ing   the  passageway  to  a  p o s i t i o n   opening  the  p a s s a g e -  

way,  a  housing  or  tube  secured  to  and  spaced  from  the  p i v o t a b l e   arm  to  p i v o t  

the rewi th   in  a  d i r e c t i o n   away  from  the  r o t o r   when  the  passageway  is  opened,  the  

housing  or  tube  being  angled  r a d i a l l y   away  from  the  ro tor   from  the  bottom  of  the  

tube  or  housing  to  the  top  and  con t a in ing   a  r o l l i n g   element  or  f l u id   capable  o f  

moving  along  the  housing  or  tube  as  the  case  may  be,  from  the  bottom  towards  the  

top  when  the  ro to r   exceeds  a  given  p r ede t e rmined   angular   v e l o c i t y ,   thus  c aus ing  

the  center   of  g r a v i t y   of  the  housing  or  tube  to  move  towards  the  top  of  the  tube  

or  housing  to  cause  the  tube  or  housing  to  p ivot   the  p ivo t ab l e   arm  thus  opening  

the  passgeway,  d r a i n i n g   the  f lu id   from  the  passageway.  In  use,  the  o v e r s p e e d  

device  is  enclosed  to  catch  the  f lu id   and  a  drain  is  provided  to  drain  f l u i d  

c o l l e c t e d   for  r e u s e .  

P r e f e r a b l y ,   the  housing  con ta ins   a  r o l l i n g   element  ( e i t h e r   a  c y l i n d e r  

or  sphere)  for  r o l l i n g   up  the  length  of  a  wall  sur face   of  the  housing  or  tube  

when  the  p rede te rmined   angula r   v e l o c i t y   is  r e a c h e d .  

P r e f e r a b l y   the  housing  or  tube  is  square  in  c r o s s - s e c t i o n .  

When  the  wind  tu rb ine   is  ope ra t i ng   normally  with  the  passageway  c l o s e d  

by  the  p ivota l   arm  (  when  the  angular   v e l o c i t y   of  the  ro tor   does  not  exceed  a 

predetermined  angular   v e l o c i t y )   a  r e s u l t a n t   force  is  exer ted  on  the  f l u id   o r  



ro l l i ng   element  made  up  of  a  g r a v i t a t i o n   force  and  a  c e n t r i f u g a l   force  d i r e c t e d  

away  from  the  r o t o r   of  the  wind  t u r b i n e .   When  the  angular   v e l o c i t y   of  the  r o t o r  

is  small ,   the  r e s u l t a n t   fo rce   holds  the  f l u i d   or  element  on  the  bottom  of  t he  

tube  ma in ta in ing   the  p i v o t a l   arm  in  a  p o s i t i o n   c los ing   the  passageway.  In  t h e  

case  of  the  r o l l i n g   e lement   (which  is  more  p r e c i s e ) ,   as  the  angu la r   v e l o c i t y   o f  

the  ro tor   i n c r e a s e s ,   the  c e n t r i f u g a l   force  i nc reases   tending  to  urge  the  e l emen t  

to  roll   up  the  i n c l i n e d   s u r f a c e   of  the  housing  surface   away  from  the  r o t o r .  

However,  the  r e s u l t a n t   is  not  s u f f i c i e n t   to  cause  the  element  to  rol l   up  t h e  

inc l ine   of  the  housing  un t i l   the  ro to r   reaches  a  p rece te rmined   angu la r   v e l o c i t y .  

At  this   po in t ,   the  r e s u l t a n t   force   maae  up  of  the  g r a v i t a t i o n a l   force  and 

c e n t r i f u g a l   force  is  d i r e c t e d   above  the  center   of  r o t a t i o n   of  the  r o l l i n g   e lement  

(when  looking  from  the  bottom  of  the  tube  or  housing)  causing  the  r o l l i n g   e lement  

-to  roll   up  the  su r face   of  the  housing  on  which  it  l ies   to  the  upper  end  of  t he  

housing.  (A  s i m i l a r   r e s u l t   is  a r r i v e d   at  though  less  p r e c i s e l y ,   using  a  f l u i d ) .  

At  that   poin t ,   the  force  e x e r t e d   by  the  element  (or  f l u id )   is  s u f f i c i e n t   to  cause  

the  housing  to  p ivot   caus ing  the  p ivotal   arm  to  pivot  about  the  p ivot   p o i n t  

opening  the  passageway,  r e l e a s i n g   the  f l u i d .  

P r e f e r a b l y ,   the  r o l l i n g   element  s i t s   on  a  hard  s teel   p la te   in  t h e  

housing  to  preclude  the  wearing  away  of  the  surface  where  i t   would  normally  s e a t  

precluding  the  c r e a t i n g   of  a  r u t  i n   which  the  r o l l i ng   element  could  become 

lodged .  

There fo re ,   the  normally  closed  passageway  is  c e n t r i f u g a l l y   opened  by 

the  overspeed  sa fe ty   device   when  the  ro tor   exceeds  a  p rede te rmined   a n g u l a r  

ve loc i ty .   A c t i v a t i o n   is  not  dependent  on  weather  cond i t ions   but  only  on  t h e  

s e t t i n g .   Because  there  is  l i t t l e   to  wear  out  in  the  c o n s t r u c t i o n   of  the  d e v i c e ,  

the  sa fe ty   device  has  a  long,  useful  l i f e   and  provides   s u b s t a n t i a l l y   100% 

r e l i a b i l i t y .  

Fur thermore ,   because  of  i ts  s t r u c t u r e ,   it  will  not  t r i p   p r e m a t u r e l y .  

P a r t i c u l a r l y ,   in  a  p r e f e r r e d   embodiment  employing  a  r o l l i n g   e lement ,   nothing  can 

happen  to  move  the  r o l l i n g   element  up  the  angled  i nc l ine   unt i l   the  p r e d e t e r m i n e d  



v e l o c i t y   is  reached.   Only  then  will   i t   ro l l   up  the  i n c l i n e   to  the  top  end  of  t h e  

housing  c r e a t i n g   a  l a rge   enough  c lockwise   moment  about  the  cen te r   of  r o t a t i o n  

causing  the  housing  to  p i v o t ,   thus  p ivo t i ng   the  arm  opening  the  passageway.  The 

enc lo su re   then  c o l l e c t s   the  d i s c h a r g e d   f l u i d   and  d i r e c t s   i t   for  r e u s e .  

Of  broader   scope,   t h i s   i n v e n t i o n   also  p rov ides   an  overspeed  s a f e t y  

device  for  ensur ing   the  o p e r a t i o n a l   s a f e t y   of  a  body  r o t a t i n g   about  in  a 

v e r t i c a l l y   o r i e n t e d   axis  which  body  for  s a fe ty   reasons  shou ld -no t   exceed  a 

p rede te rmined   angula r   v e l o c i t y ,   the  s a f e ty   device  compris ing  a  housing  or  t u b e  

p i v o t a b l e   about  a  p ivo t   po in t   proximate   a  lower  end  of  the  tube,   or  h o u s i n g ,  

r a d i a l l y   away  from  the  c e n t e r   of  the  r o t a t i n g   body,  the  housing  or  the  t u b e  

having  a  surface   i n c l i n e d   r a d i a l l y   upwardly  away  from  the  r o t a t i n g   body  from  the  

bottom  to  the  top  to  suppor t   a  r o l l i n g   element  or  f l u id   the reon ,   which  element  o r  

f l u i d   moves  r a d i a l l y   to  the  upper  end  of  the  tube  or  housing,   when  the  r o t a t i n g  

body  exceeds  a  p r e d e t e r m i n e d   angu la r   v e l o c i t y   causing  the  tube  to  pivot   about  t he  

pivot   po in t ,   and  means  p r e f e r a b l y   connected  to  the  tube  a c t i v a t e d   by  the  p i v o t i n g  

of  the  tube  to  ope ra te   in  a  p r ede t e rmined   manner,  as  for  examples,  a  valve  opened 

by  the  p ivot ing  of  the  t u b e .  

According  to  ano the r   aspec t   of  the  i n v e n t i o n ,   the  ro to r   sha f t   is  p r e -  

f e r a b l y   tapered  at  the  ends  from  a  broader   cen t ra l   po r t i on .   While  any  c r o s s -  

s e c t i o n a l   shape  of  the  r o t o r   s h a f t   is  s a t i s f a c t o r y   ( symmet r i ca l l y   octagonal   f o r  

example),   i t   is  p r e f e r a b l e   tha t   the  r o to r   s h a f t  b e   c i r c u l a r   in  c r o s s - s e c t i o n .   For 

ease  of  manufac ture ,   i t   is  p r e f e r a b l e   the  ro to r   s h a f t   be  manufactured  in  two  o r  

more  s e c t i o n s .   Where  two  s e c t i o n s   are  employed,  each  sec t ion   p r e f e r a b l y   compr i se s  

a  broader  end  t a p e r i n g   to  a  narrower  end.  Annular  f l anges   may  extend  r a d i a l l y   o r  

l a t e r a l l y   of  the  s e c t i o n ,   from  the  broader   end  of  each  s ec t ion   for  use  in  j o i n i n g  

the  s ec t ions   t o g e t h e r .  

The  advantage  of  th i s   c o n f i g u r a t i o n   is  t ha t   the  wind  loading  under  

storm  c o n d i t i o n s  ' i s   l e s s .   A d d i t i o n a l l y ,   because  the  ro to r   shaf t   of  a  v e r t i c a l  

axis  wind  turbine  can  c r e a t e   aerodynamic  i n t e r f e r e n c e   with  the  blade  p a s s i n g  

behind  the  rotor   s h a f t   with  r e s p e c t   to  the  wind  d i r e c t i o n ,   the  use  of  the  t a p e r e d  

shaf t   produces  only  a  s e r i e s   of  v a r i a b l e   frequency  v o r t i c e s   which  provide  l e s s  



i n t e r f e r e n c e   to  the  per formance   of  the  blade  pass ing  in  the  shadow  of  the  r o t o r  

shaf t   than  the  v o r t i c e s   c r e a t e d   by  the  c o n s t a n t   d iameter   ro to r .   A  f u r t h e r  

advantage  is  the  cost  of  s h i p p i n g - - t h e   a b i l i t y   to  carry  two  or  more  s e c t i o n s   o f  

the  rotor   by  truck  with  the  t ape red   end  of  one  s ec t ion   next  to  the  broader   end  o f  

another   s e c t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  inven t ion   will  now  be  i l l u s t r a t e d   with  r e fe rence   to  the  f o l l o w i n g  

drawings  of  p r e f e r r ed   embodiments  of  the  i n v e n t i o n ,   in  which:  

Figure  1  is  a  p e r s p e c t i v e   view  of  a  Darr ieus  v e r t i c a l   axis  wind  t u r b i n e  

i n c o r p o r a t i n g   p r e f e r r e d   embodiments  of  the  i n v e n t i o n .  

Figure  2  is  a  c l o se -up   p e r s p e c t i v e   view  of  part   of  a  ro tor   of  a 

Darrieus  v e r t i c a l   axis  wind  t u r b i n e   accord ing   to  another   embodiment  of  t h e  

i n v e n t i o n .  

Figures  6  and  7  (shown  with  Figure  4)  i l l u s t r a t e   c r o s s - s e c t i o n s   of  two 

d i f f e r e n t   rotor   s e c t i o n s   accord ing   to  embodiments  of  the  i n v e n t i o n .  

Figure  8  is  a  side  view  of  par t   of  a  gear  box  assembly  according  to  a 

p re fe r r ed   embodiment  of  the  i n v e n t i o n ,   p a r t l y   in  sec t ion   with  component  p a r t s  

cu t -away .  

Figure  9  is  a  c lo se -up   schemat ic   view  of  part  of  the  gear  box  a s s e m b l y  

according  to  a  p r e f e r r e d  e m b o d i m e n t   of  the  i n v e n t i o n .  

Figure  10  is  a  d e t a i l e d   schemat ic   side  view  of  a  valve  shown  d i a g r a m -  

ma t i ca l ly   in  Figure  5. 

Figure  11  is  a  side  schemat ic   view  of  part   of  an  assembly  according  t o  

a  p re fe r red   embodiment  of  the  i n v e n t i o n .  

Figure  12  is  a  side  schemat ic   view  of  part  of  an  assembly  according  t o  

a  p refer red   embodiment  of  the  i n v e n t i o n .  

Figures  13A,  13B  and  14  are  d e t a i l e d   schematic  side  views  of  component  

parts   incorpora ted   in  the  assembly  shown  in  Figures  11  and  12. 

Figure  15  i l l u s t r a t e s   the  t e n s i o n i n g   of  the  guy  wires  of  a  v e r t i c a l  

axis  wind  t u r b i n e .  



Figure  16  is  a  c lo se -up   s e c t i o n a l   view  of  par t   of  the  assembly  shown  in  

Figure  9,  with  p o r t i o n s   removed.  

Figure  17  is  a  p e r s p e c t i v e   view  p a r t l y   in  s ec t i on   of  the  assembly  shown 

in  par t   in  Figure  16.  

Figures  18  ana  19  i l l u s t r a t e   s c h e m a t i c a l l y   the  o p e r a t i o n   of  t h e  

assembly  in  Figure  17. 

Figure  20  is  a  top  view  of  the  assembly  of  Figure  16. 

Figure  21  is  a  schematic   i l l u s t r a t i n g   the  forces   on  component  par ts   o f  

par t   of  the  assembly  of  Figure  17  in  var ious   p o s i t i o n s .  

DETAILED  DESCRIPTION  OF  THE EMBODIMENTS  OF  THE  INVENTION 

With  r e f e r e n c e   to  Figure  1,  3 a r r i e u s   v e r t i c a l   axis  wind  tu rb ine   30 

comprises  v e r t i c a l   r o t o r   shaf t   32  ana  ro to r   blades  34  ana  36  spaced  from  and 

secured  to  sha f t   32,  by  connec tors   at  31  and  33.  Four  (4)  guy  wires  shown  as  38, 

40,  42  and  44  are  connected  to,  and  suppor t ,   wind  tu rb ine   30,  through  upper  heaa 

assembly  46.  The  lower  end  of  sha f t   32  is  secured  for  r o t a t i o n   in  gear  box 

assembly  50  (See  Figures  8,  9,  and  11)  mounted  in  tower  52. 

With  r e f e r e n c e   to  Figure  2,  ro to r   sha f t   32  has  been  r ep laced   by  s h a f t  

321  tapered   from  a  b roader   cen t r a l   p o r t i o n   at  52  to  reduced  end  po r t ions   at  54 

and  56.  Shaft   32  is  made  up  of  two  tapered  s e c t i o n s   58  and  60  (see  also  F igure  

4)  having  angular   f l anges   61  ex tending   r a d i a l l y   from  the  s e c t i o n s   at  the  b r o a a e r  

ends  62  and  64  r e s p e c t i v e l y   for  connec t ing   the  s e c t i o n s .   Curved  blades  34  and  36 

are  connected  to  sha f t   32  proximate  the  ends  in  the  same  manner  as  in  Figure  1. 

Figures  6  and  7  i l l u s t r a t e   two  c r o s s - s e c t i o n s   tha t   shaf t   321  may 

take.  The  c i r c u l a r   c r o s s - s e c t i o n   shown  in  Figure  6  is  p r e f e r r e d   to  the  o c t a g o n a l  

c r o s s - s e c t i o n   shown  in  Figure  7.  

Shaft   321  is  p r e f e r r e d   to  shaf t   32  in  the  c o n s t r u c t i o n   of  D a r r i e u s  

v e r t i c a l   axis  wind  t u r b i n e   30.  This  is  because  cons t an t   d iameter   sha f t   32  c r e a t e s  

aerodynamic  i n t e r f e r e n c e   with  eacn  of  the  ro to r   blades  34  and  36  as  each  p a s s e s  

behind  the  ro to r   with  r e s p e c t   to  wind  d i r e c t i o n ,   reducing  the  e f f i c i e n c y   of  the  

ro to r .   The  reason  is  the  cumulat ive   e f f e c t   of  the  Von  Karman  vortex  g e n e r a t i o n  -  



The  Von  Karman  vortex  g e n e r a t i o n   caused  by  the  r o to r   sha f t   in  the  windstream  is  a 

func t ion   of  shaf t   d iamete r .   Since  the  d iamete r   of  the  s h a f t   32  is  cons t an t ,   t h e  

f requency  of  the  Von  Karman  v o r t i c e s   genera ted   along  the  length  of  shaft   32  i s  

c o n s t a n t ,   the  v o r t i c e s   r e i n f o r c e   one  ano ther .   The  u s e  o f   tapered  shaf t   321  t a p e r i n g  

from  a  broader   cen t ra l   po r t i on   to  narrower  ends  produces  a  s e r i e s   of  i n d e p e n d e n t  

v a r i a b l e   f requency  v o r t i c e s   which  are  less   d i s r u p t i v e   to  the  performance  of  t h e  

blades  passing  in  the  "shadow"  of  the  column.  

Figure  3  i l l u s t r a t e s   s c h e m a t i c a l l y   the  independent   va r i ab le   f r e q u e n c y  

v o r t i c e s   producea  in  the  shadow  of  shaf t   321.  

An  a d d i t i o n a l   b e n e f i t   r e s u l t s   from  the  use  of  two  tapered  sec t ions   58 

and  60  connectea  to  form  shaf t   321.  By  producing  t ape red   shaf t   3 2  i n   t w o  .  

s e c t i o n s ,   they  may  be  shipped  as  shown  in  Figures  4  and  5.  P a r t i c u l a r l y ,   highway 

r e g u l a t i o n s ,   r egu la t e   the  maximum  width  of  a  veh ic le   and  i ts   capaci ty   to  c a r r y  

overs ized  s t r u c t u r e s   of  large  d iameter .   Where  the  load  is  ove r s i zed ,   s p e c i a l  

permits  and/or   a  pol ice   e sco r t   are  r e q u i r e d .   Because  the  diameter  of  l a r g e  

cons tan t   diameter   ro to rs   in  excess  of  120  fee t   is  about  5 ' ,   it  is  not  o r d i n a r i l y  

poss ib l e   to  ship  the  r o t o r   in  two  s ec t i ons   loaded  on  one  truck  side  by  s i d e .  

However,  because  the  d iameter   of  the  s ec t ion   58  and  60  taper   from  5'  to  na r rower  

2'  end  p o r t i o n s ,   the  s e c t i o n s   may  be  shipped  side  by  side  as  shown  in  Figure  5. 

With  r e f e r e n c e   to  Figures  8,  9  and  11,  gear  box  assembly  50  is  shown, 

i n c o r p o r a t i n g   a  hyd rau l i c   suspension  system  for  suppor t ing   ro tor   shaft   32  o r  

3 2  ( f o r   s impl i fy ing   d e s c r i p t i o n ,   ro to r   sha f t   32  has  been  used)  and  bull  gear  70 

for  r o t a t i o n ,   and,  for  t e n s i o n i n g   and  suppor t i ng   guy  wires  38,  40,  42,  and  44,  

under  a  cons tan t   t ens ion   whether  or  not  the  bull  gear  and  rotor   are  o p e r a t i o n a l .  

P a r t i c u l a r l y ,   bull  gear  70  has  c i r c u l a r   opening  72  at  the  top  t h e r e o f  

surrounded  by  annular   s p h e r i c a l   bearing  su r face   74  for  suppor t ing   the  bottom 

surface   76  of  shaft   32  proximate  i ts   r a d i a l l y   outer   bottom  edge,  shaft   32  s e a t s  

in  opening  32  on  bearing  surface   74  as  shown. 

Bull  gear  70  comprises  (a)  cen t ra l   hub  78  over ly ing   end  80  o f  

s t a t i o n a r y   shaft   82(of  l e s s e r   diameter  than  hub  78),  shaf t   82  being  secured  to  



base  84  above  which  bull  gear  70  will  r o t a t e   (b)  bottom  p l a t e   86  secured  to  hub 

78,  (c)  gear  ring  88  secured  to  the  pe r iphe ry   of  bottom  p la t e   86  and  (d)  

t r i a n g u l a r   s t i f f e n i n g   webs  90  secured  between  p l a t e s   86  and  hub  78 .  

Base  84  suppor t s   brake  pads  92  proximate  the  p e r i p h e r y  o f   p la te   26  f o r  

sea t ing   on  brake  pads  92  when  Darr ieus  v e r t i c a l   axis  wind  t u r b i n e   is  n o t  

o p e r a t i o n a l .   When  p l a t e   86  sea ts   on  brake  pads  92,  end  su r f ace   80  of  shaf t   82  i s  

e i t h e r   spaced  from  the  inner   end  of  hub  78  or  in  con t ac t   with  i t .   Hydrodynamic 

bear ings  (not  shown)  are  secured  between  the  inner   side  wall  of  hub  78  and  t he  

outer  side  surface  of  v e r t i c a l   shaf t   32  for  sea l ing   the  space  c r ea t ed   between  t h e  

end  80  of  shaf t   82,  inner   end  wall  of  hub  94  ana  the  bottom  su r f ace   72  of  r o t o r  

shaf t   32  when  bull  gear  70  is  r a i sed   r e l a t i v e   to  sha f t   82.  

Hub  78  and  r o t o r   shaf t   32  are  free  to  r i se   with  r e s p e c t   to  shaf t   82 

l imited  by  guy  wire  r e a c t i o n   and  the  hydrau l i c   f lu id   pe rmi t t ed   to  en te r   space  102 

between  the  shaf t ,   hub  and  r o t o r ,   to  suppor t   the  hub  and  r o t o r   as  d e s c r i b e d  

here in .   Bull  gear  70  meshes  with  pinion  gear  96  coupled  to  g e n e r a t o r   98  f o r  

dr iving  genera to r   98.  Annular  dam  wall  100  s i t s   on  base  84  and  s e p a r a t e s   t h e  

i n t e r i o r   space  under  gear  70  from  g e n e r a t o r   98  and  the  remainder   of  equ ipment  

(not  shown). 

Hub  70  and  ro to r   shaf t   32  are  h y d r a u l i c a l l y   suppor ted   with  r e spec t   to  

s t a t i o n a r y   shaft   82  by  h y d r a u l i c   f lu id   fed  into  the  space  102  c r ea t ed   between  the  

bottom  surface  76  of  r o to r   shaf t   32,  inner   end  94,  and  end  su r f ace   80,  as  bu l l  

gear  70  and  ro tor   32  are  e l e v a t e d  b y   f l u id   fed  into  space  102  from  passageway  104 

fed  from  r e s e r v o i r   107  by  hydrau l i c   c i r c u i t r y   shown  s c h e m a t i c a l l y   in  Figure  9. 

With  re fe rence   to  Figure  9,  hydrau l i c   f l u id   is  fed  into  space  102  from  r e s e r v o i r  

107  through  passageway  104  by  pump  110  operated  by  e l e c t r i c   motor  112.  Pump  114 

operated  on  a  common  axis  as  pump  110  by  motor  112  pumps  f l u i d   through  passageway 

116  to  l u b r i c a t e   the  g e a r / p i n i o n   mesh.  Fluid  passing  down  from  the  l u b r i c a t i o n   o f  

the  gear  88/pinion  96  mesh  is  c o l l e c t e d   through  passageways  118  and  120  by 

re tu rns   122  and  124. 

Fluid  is  normally  drained  from  space  102  by  o u t l e t   port   106  (of  t h e  



same  dimensions  as  passageway  104)  througn  drain  passageway  108  in  hubs  78  and 

re turned  to  the  r e s e r v o i r   107  when  bull  gear  70  is  e l eva ted   a  p r e d e t e r m i n e d  

d i s tance   above  s t a t i o n a r y   shaf t   82  exposing  o u t l e t   port  106  to  space  102. 

Therefore ,   gear  70  and  r o t o r   32  cannot  be  e l eva t ed   more  than  a  p r e d e t e r m i n e d  

d is tance   because  the  f eed ing   of  hydrau l i c   f lu id   into  space  102  is  main ta ined   at  a 

flow  rate  not  to  exceed  the  flow  rate  d ra in ing   f lu id   through  port  106  for  r e t u r n  

to  r e s e r v o i r   107. 

When  bull  gear  70  ana  ro to r   shaf t   32  are  to  be  l i f t e d   h y d r a u l i c a l l y ,  

f luid  is  pumped  from  r e s e r v o i r   107  unaer  p ressure   by  pump  110  through  passageway 

120,  122  ana  104  into  space  102  e l e v a t i n g   both  gear  70  and  ro tor   32  e n l a r g i n g  

space  102  compris ing  the  volume  between  inner  end  wall  94  of  hub  78,  the  bottom 

surface  76  of  ro to r   s h a f t  3 2   and  end  surface   80  of  shaf t   82  as  the  f lu id   e l e v a t e s  

bear  70  and  ro tor   sha f t   32.  At  the  same  time,  f lu id   a t tempts   to  move  t h rough  

passageway  124  through  valve  126.  However,  valve  1 2 6 - - e l e c t r i c a l l y   operated  two 

way  d i r e c t - p i l o t - o p e r a t e d   valve  (manufactured  by  Sperry  Vickers)  shown  in  c r o s s -  

sect ion  in  Figure  10-is  normally  closed  and  opens  on ly   upon  e l e c t r i c a l   f a i l u r e   to 

the  Darrieus  v e r t i c a l   axis  wind  tu rb ine   30.  To  th is   end,  with  r e f e r ence   to  

Figure  10,  valve  126  is  e l e c t r i c a l l y   powered  to  normally  repel  magnetic  movable 

core  128  from  s t a t i o n a r y   core  130  so  long  as  e l e c t r i c a l l y   connected  to  a  power 

source,   compressing  spr ing   132  of  spring  loaded  sea l ing   disc  134  to  seal  p o r t  

136  by  s t a i n l e s s   s tee l   sea t   138 .  When  the  e l e c t r i c   power  is  shut  off   in,  f o r  

example,  an  e l e c t r i c a l   power  f a i l u r e   to  the  wind  t u r b i n e ,   the  force  of  spring  132 

forces  core  128  away  from  sea l ing   disc  134  r e l e a s i n g   seat  138  opening  com- 

munication  between  the  two  ports  136  and  137  d ra in ing   all  f lu id   from  space  102 

through  passageway  104  and  o u t l e t   140  to  r e s e r v o i r   107. 

In  cases  where  the  angular   ve loc i ty   of  the  rotor   exceeds  the  p r e s c r i b e c  

maximum  safe  angular   v e l o c i t y ,   overspeed  safe ty   device  142  and  a s s o c i a t e d  

components  come  into  play.   With  reference   to  Figures  9  and  16  to  21  i n c l u s i v e ,  

device  142  and  a s s o c i a t e d   components  inc luding   passageway  144,  leading  from  space 

102  in  rotor   shaft   132  through  branched  por t ion  146  to  device  142  are  shown. 



Device  142  is  secured  by  suppor t   b r a c k e t   145  to  ro to r   32  to  r o t a t e   t h e r e w i t h ,   and 

is  enclosed  by  housing  150  made  up  of  r e s e r v o i r   152  (See  Figure  16)  and  we igh ted  

c losure   154.  Oil  r e tu rn   and  hold  down  pipe  156  extends  upwardly  through  t h e  

bottom  158  of  r e s e r v o i r   152  and  is  r e l e a s a b l y   secured  to  top  154  by  threaded  b o l t  

160  secured  into  t h readed   end  of  pipe  156.  Washer  163  compress ing ly   seals   t h e  

opening  in  top  154  through  which  bol t   160  extends  and  gasket   164  is  p o s i t i o n e d  

between  top  154  and  the  top  of  con t inuous   wall  166  of  r e s e r v o i r   152  to  seal  t h e  

space  in  housing  150  aga ins t   leakage  between  the  r e s e r v o i r   152  and  top  154. 

Pipe  156  has  been  notched  at  162  to  permit   oil  to  orain  from  r e s e r v o i r  

152  to  the  sump  (oil   r e s e r v o i r )   107. 

Oil  i n l e t   146  is  secured  to  metal  tube  168  passing  through  top  154  (See 

Figure  17)  sealed  by  washer  155  and  is  c losed  by  ball  valve  170  suppor ted   on  arm 

172  to  urge  ball  170  to  close  tube  168  as  shown  4n  Figure  17.  Arm  172  is  in  t u r n  

supported  in  p i v o t a b l e   upper  valve  l eve r   arm  174  l a t e r a l l y   p i v o t a b l e   in  channel  

180  of  lower  valve  lever   arm  182  with  r e s p e c t   to  arm  182.  Channel  180  e x t e n d s  

r a d i a l l y   from  r o t o r   32.  Lower  l eve r   arm  182  is  f i xed ly   secured  to  r o t a t a b l e   s h a f t  

184  (See  Figure  20)  passing  t h e r e t h r o u g h   to  r o t a t e   t he r ewi th   r a d i a l l y   away  from 

rotor   sha f t   32  from  the  p o s i t i o n   shown  in  Figure  17.  Shaft  184  is  f ixed  f o r  

r o t a t i o n   in  suppor t   186  secured  to  top  154 .  Shaft  184  is  in  turn  fixed  to  hol low 

square  tubing  188  compris ing  e longa ted   r e c t a n g u l a r   walls  190,  192,  194  and  196  so 

that   when  tubing  188  r o t a t e s ,   sha f t   184 ,  and   arm  182  all  r o t a t e   t o g e t h e r   away 

from  the  r o to r   s h a f t   32. 

Stop  bo l t s   198  and  200  are  secured  across   the  cen te r   of  the  open  ends 

of  tubing  188  for  s topping  metal  ball  202  from  passing  through  the  ends.  P l a t e  

204  (See  Figures  18  and  21)  is  p o s i t i o n e d   on  the  i n s ide   sur face   of  wall  192 

proximate  bolt   190.  Tube  188  is  secured  to  shaf t   184  at  an  angle  o f  

to  the  v e r t i c a l   when  ball  valve  170  c loses   the  opening  206  of  i n l e t   168  s l o p i n g  

upwardly  and  r a d i a l l y   outwardly  from  r o t o r   shaf t   32  ( looking  from  the  bottom  o f  

tubing  188)  to  provide  r a d i a l l y   upwardly  anglea  ramp  208  on  the  ins ide   sur face   o f  

wall  192. 



With  r e f e r e n c e   to  Figure   21,  as  the  r o to r   r o t a t e s   at  a  safe  a n g u l a r  

v e l o c i t y ,   less  than  a  p r e d e t e r m i n e d   given  unsafe  angular   v e l o c i t y ,   two  f o r c e s  

are  exer ted   on  ball  202,  g r a v i t y   (G)  and  a  c e n t r i f u g a l   force  (C)  r a d i a l l y  

outwardly.   The  r e s u l t a n t   (R)  of  the  two  fo rces   does  not  cause  the  ball  to  move. 

However,  as  the  angu la r   v e l o c i t y   of  the  r o to r   i n c r e a s e s ,   the  Resu l t an t   (R) 

approaches  a  p o s i t i o n   normal  (N)  to  the  p l a t e   un t i l   at  the  p rede te rmined   a n g u l a r  

v e l o c i t y ,   the  r e s u l t a n t   (R)  passes   the  normal  (N)  e x e r t i n g   a  clockwise  moment 

about  the  center   of  g r a v i t y   on  sphere  202  causing  sphere  202  to  roll  up  ramp  208 

a l t e r i n g   the  center   of  g r a v i t y   of  tubing  188,  causing  tubing  188  to  r o t a t e  

r a d i a l l y   away  from  r o t o r   sha f t   32  on  shaf t   184  r o t a t i n g   shaf t   184  and  arm  182 

thus  opening  i n l e t   168  (See  Figure  9)  p e r m i t t i n g   f lu id   in  space  102  to  d r a i n  

through  o u t l e t   162,  through  passageway  156  to  r e s e r v o i r   107,  causing  bull  gear  70 

to  s e t t l e   on  brake  pads  92  s topp ing   ro to r   32  and  bull  gear  70.  

With  r e f e r e n c e   to  Figures   9 and  11  to  15  i n c l u s i v e ,   f lu id   fed  t h r o u g h  

passageway  144  from  space  102  normal ly   passes  through  passageway  212  p a s t  

P ressure   Regulat ing  Valve  214,  check  valve  216  and  hydrau l i c   damper  218  i n  

passageway  212. 

With  r e f e r e n c e   to  Figure   11,  upper  head  assembly  46  includes   a  s h a f t  

220  secured  to  the  top  of  r o t o r   s h a f t   32  of  l e s s e r   diameter   than  shaf t   32  h a v i n g  

passageway  222  pass ing  t h e r e t h r o u g h   in  communication  with  passageway  212  and 

annular   dam  wall  223  su r round ing   s h a f t   220  spaced  therefrom.   Head  224  seats   o v e r  

sha f t   220  and  comprises  annu la r   wall  226,  top  228  and  downwardly  opening  a n n u l a r  

endless   channel  230  in  wall  226  to  accommodate  dam  wall  223.  Annular  seals   232 

are  pos i t ioned   between  dam  wall  223  and  annula r   channel  wall  234  c l o s e s t   s h a f t  

220  to  seal  a  space  between  head  224  and  220.  Hydrodynamic  bear ings   235  a r e  

secured  between  the  inner   su r f ace   of  wall  226  and  outer  su r face   of  shaf t   220  f o r  

s ea l ing   the  space  c r e a t e d   between  the  end  of  shaf t   220  and  the  inner  sur face   o f  

top  228.  Four  t r i a n g u l a r   weos  236  extend  from  head  224  and  secure  guy  wires  38, 

40,  42  and  44  t h e r e t o .  

Drain  238  dra ins   f l u id   from  c o n t r o l l e d   bearing  leakage  past  h y d r o -  



dynamic  bea r ings   235  from  the  space  between  sea l s   232  and  hydrodynamic  b e a r i n g s  

235. 

With  r e f e r e n c e   to  F igure   12,  upper  head  assembly  46i  comprises   hous ing  

300  secured  to  the  top  of  s h a f t   32,  housing  300  compr is ing   base  301,  annular   wall  

302  ups tand ing   t h e r e f r o m   s u r r o u n d i n g   wall  303  and  passageway  304  c o n n e c t i n g  

passageway  212  and  well  303.  Mounted  and  sea led   by  annu la r   sea l s   306  wi thin   well  

303  for  v e r t i c a l   d i s p l a c e m e n t   r e l a t i v e   to  housing  303  and  sea ls   306  is  shaf t   305. 

Fluid  fed  through  p a s s a g e w a y s  2 1 2   and  304  a g a i n s t   the  bottom  307  of  shaf t   305 

e l e v a t e s   sha f t   305.  Holes  through  top  308  of  s h a f t   305  are  used  to  secure  the  guy 

wires  38,  40,  42  and  44.  Hydrodynamic  bea r ings   are  also  secured  between  t h e  

shaf t   305  and  inner   wall  of  the  housing  303.  

Drain  310  d r a i n s   f l u i d   from  c o n t r o l l e d   bear ing   leakage  past  the  h y d r o -  

dynamic  bea r ings   from  well  303.  

Fluid  pumped  up  passageway  144  e n t e r i n g   passageway  212  and  fed  to  head 

assembly  46  or  461  e l e v a t e s   head  224  r e l a t i v e   to  sha f t   220  or  sha f t   305  from 

housing  300  r e s p e c t i v e l y ,   the reby   t e n s i o n i n g   guy  wires  38,  40,  42,  and  4 4  .  

To  ensure   guy  t en s ion   is  ma in ta ined   r e l a t i v e l y   c o n s t a n t ,   d i r e c t  

ac t ing   p r e s su re   r educ ing   valve  214(See  Figure  9)  has  been  i n s e r t e d   into  p a s s a g e -  

way  212  and  permi ts   only  enough  oil  to  flow  t h e r e t h r o u g h   to  ma in t a in   f l u i d  

p res su re   in  the  head  assembly  at  the  de s i r ed   p r e s s u r e .   To  th i s   end,  v a l v e  2 1 4  

comprises  housing  240,  spool  242,  i n l e t   por t   244,  o u t l e t   por t   246,  p r e s s u r e  

sensing  passage  248,  compress ion   spr ing   250,  ad jus tmen t   screw  252  e x t e n d i n g  

through  housing  240  and  bleed  passage  254.  

Valve  214  is  held  normally  open  by  the  force  exe r t ed   by  spr ing  250  ( s e t  

by  set  screw  252)  a g a i n s t   spool  242.  As  the  p r e s s u r e   in  o u t l e t   port   246  i n c r e a s e s  

(sensed  by  passage  248)  the  p r e s s u r e   of  the  f l u id   in  passage  248  on  the  face  256 

of  spool  242  compresses   spr ing   250  when  the  p r e s s u r e   exceeds  the  force  of  t h e  

sp r ing ,   moving  spool  242  to  c lose  o u t l e t   por t   244.  When  valve  214  c l o s e s  

comole te ly ,   a  small  q u a n t i t y   of  f l u id   dra ins   through  passageway  258  to  b l e e d  

passageway  254  to  r e s e r v o i r   107  (not  shown)  p r e v e n t i n g   reduced  p ressure   from 



i nc reas ing   because  of  valve  leakage.   Fluid  pass ing   valve  214,  passes  upwardly 

through  one-way  check  valve  216  compris ing  housing  260  ho ld ing   ball  262  at  t he  

bottom  under  compress ion  by  compression  spr ing   264,  under  g r e a t e r   p ressure   than  

the  p ressure   exe r t ed   by  compression  spr ing  264  tending  to  sea t   ball  262,  th rough  

passageway  222  to  r a i s e   head  224  or  sha f t   305  a  p r e d e t e r m i n e d   amount  as  l i m i t e d  

by  the  guys,  t e n s i o n i n g   the  guys  and  m a i n t a i n i n g   the  t e n s i o n   in  t h e  g u y s .  

When  the  f l u i d   is  removed  from  passageway  212  (as  for  example  wnen  b u l l  

gear  70  is  b rakea) ,   one  way  check  valve  216  p rec ludes   f l u i d   from  r e tu rn ing   p a s t  

valve  216  by  c los ing   under  the  compression  force  of  spr ing   264  thereby  main- 

ta in ing  the  p ressure   in  head  assembly  210  and  the  guy  t e n s i o n   in  guy  wires  38, 

40,  42  and  44.  A a a i t i o n a l l y ,   the  " f l o a t i n g "   of  head  46  s u p p l i e s   damping  to  t he  

en t i r e   r o t o r - g e a r   box  assembly.  For  r e g u l a t i n g   th is   damping  (as  for  example  wnen 

t h e   guys  f l u c t u a t e   under  f l u c t u a t i n g   loads)   hydrau l i c   damper  218  comprising  a i r  

hydraul ic   accumula tor   270  with  h y a r a u l i c   r e s t r i c t o r   272  is  p rovided .   In  t h i s  

case,  f lu id   forced  back  through  passageway  222  in  i n s t a n c e s   of  increased   p r e s s u r e  

through  passage  12  en ters   r e s t r i c t o r   272(See  Figure  13)  c r e a t i n g   heat  ( t h e r e b y  

act ing  as  a  damper)  and  then  into  the  h y d r a u l i c   accumula to r   2 7 0 , a g a i n s t   d iaphragm 

274  held  under  the  ac t ion   of  compression  spr ing  276(See  Figure  12).  If  t he  

diaphragm  is  forced  aga ins t   the  spring  by  the  f l u i d ,   compress ing   the  spr ing,   the  

excess  f lu id   is  accumulated  unt i l   the  f l u id   p ressure   in  assembly  46  or  461eases  

and  the  diaphragm  is  r e s to r ed   to  i ts   normal  p o s i t i o n   by  spr ing   2 7 6  .  

Figure  15  i l l u s t r a t e s   the  t e n s i o n i n g   of  the  guys  employing  head 

assembly  46  or  4 6 ' .  

As  many  changes  could  be  made  in  the  embodiments  wi thout   depar t ing   from 

the  scope  of  the  i n v e n t i o n ,   it  is  in tended  that   all  ma t t e r   con ta ined   herein  be 

i n t e r p r e t e d   as  i l l u s t r a t i v e   of  the  i n v e n t i o n ,   and  not  in  a  l i m i t i n g   s e n s e .  



1.  An  improved  h y d r a u l i c   suspens ion   system  for  s u p p o r t i n g   a  r o t o r  

s h a f t   of  a  v e r t i c a l   axis  wind  t u r b i n e ,   in  which  the  r o t o r   sha f t   has  a  

bottom  su r f ace   s i t t i n g   on  a  bea r ing   su r face   suppor ted   for  angular   r o t a t i o n  

by  the  bea r ing   su r f ace   and  h y d r a u l i c   f l u i d   is  p r e s e n t e d   to  a  space  be low 

the  bottom  s u r f a c e .  

2.  The  improved  suspens ion   system  of  Claim  1,  wherein  the  b e a r i n g  

s u r f a c e   comprises   an  annula r   s p h e r i c a l   bea r ing   s u r f a c e .  

3.  The  improved  suspens ion   system  of  Claim  1,  wherein  the  space  i s  

c r e a t e d   between  a  suppor t   provided  to  suppor t   the  r o t o r   shaf t   for  r o t a t i o n ,  

and  the  bottom  of  the  r o t o r   s h a f t ,   and  f u r t h e r   comprises   a  f l u i d   p a s s a g e -  

way  l e ad ing   into  the  space,   means  for  feeding  f l u i d   in to   the  s p a c e ,  

s e a l i n g   means  for  s e a l i n g   the  space  and  a  r e s e r v o i r   for  the  f l u i d .  

4.  An  improved  h y d r a u l i c   suspens ion   system  for  s u p p o r t i n g   a  r o t o r   and  

bul l   gear  of  a  v e r t i c a l   axis   wind  t u rb ine   compris ing   a  base,  a  b u l l  

gear  adapted  to  r o t a t e   above  the  base,  the  bull   gear  and  base  p r e s e n t i n g  

a  housing  and  a  s h a f t   t e r m i n a t i n g   in  an  inner  end  wall  and  end  s u r f a c e ,  

the  housing  for  r e c e i v i n g   the  s h a f t ,   one  of  said  hollow  housing  or  s h a f t  

being  s t a t i o n a r y   and  the  o ther   being  r o t a t a b l e   with  r e s p e c t   t h e r e t o   and 

secured  to  the  bul l   gear  and  having  a  c e n t r a l l y   d i sposed   c i r c u l a r   o p e n i n g  

t h e r e t h r o u g h   sur rounded  by  an  annular   bear ing   s u r f a c e ,   the  r o to r   b e i n g  

of  a  d iameter   at  i t s   lower  end  t o ' s e a t   on  the  annula r   bear ing   s u r f a c e  

c l o s i n g   the  c e n t r a l l y   d i sposed   c i r c u l a r   opening,  the  s h a f t ,   housing  and  

r o t o r   when  secured  t o g e t h e r   p r e s e n t i n g   a  space  between  the  inner  end 

wall ,   end  su r face   and  bottom  of  the  r o t o r ,   s e a l i n g   means  between  t h e  

r o t o r   and  bea r ing   s u r f a c e ,   bear ing   and  s ea l i ng   means  between  the  h o u s i n g  

and  s h a f t ,   a  f l u id   passageway  opening  into  the  space  between  the  i n n e r  

end  wall ,   end  su r f ace   and  bottom  of  the  ro to r   for  f eed ing   hyd rau l i c   f l u i d  

under  p r e s su re   into  the  space  for  h y d r a u l i c a l l y   e l e v a t i n g   the  bull   g e a r  
and  r o t o r ,   means  p r e c l u d i n g   the  bull   gear  and  r o t o r   from  r i s i n g   more 

than  a  p r ede t e rmined   c o n t r o l l e d   d i s t a n c e ,   means  for  feeding   the  f l u i d  

under  p r e s su re   to,  and  means  for  d r a in ing   f l u i d   from,  the  space,  and  a 

r e s e r v o i r   for  such  f l u i d .  



5.  The  suspens ion   system  of  Claim  4,  wherein  the  bea r ing   s u r f a c e  

is  a  s p h e r i c a l   annular   bea r ing   su r f ace   conforming  to  the  shape  o f  

the  r o t o r   sha f t   at  the  bottom  proximate   the  pe r iphery   t h e r e o f .  

6.  The  suspens ion   system  of  Claim  4  or  Claim  5,  wherein  the  means 

p r e c l u d i n g   the  bu l l   gear  from  r i s i n g   more  than  a  p rede te rmined   o r  

c o n t r o l l e d   d i s t a n c e   comprises   the  means  for  d ra in ing   f l u i d   from  t h e  

space,  said  l a s t   means  being  a  dra in   exposed  to  the  f l u i d   in  t h e  

space  when  the  bu l l   gear  r i s e s   the  p rede te rmined   d i s t a n c e .  

7.  An  improved  h y d r a u l i c   suspens ion   system  for  suppor t i ng   a  r o t o r  

and  bul l   gear  of  a  v e r t i c a l   axis  wind  t u r b i n e ,   the  v e r t i c a l   a x i s  

wind  t u rb ine   compris ing  a  base,   a  bul l   gear  adapted  to  r o t a t e   above 

said  base,  a  r o t o r   o r i e n t e d   in  the  v e r t i c a l   d i r e c t i o n   coupled  t o  

the  bull   gear  to  r o t a t e   t h e r e w i t h ,   the  base  suppor t ing   a  s t a t i o n a r y  

c e n t r a l l y   d isposed   c y l i n d r i c a l   v e r t i c a l   shaf t   having  an  upper  end ,  

the  bull   gear  having  a  c e n t r a l l y   d isposed  annular   hub  of  a  p r e -  

determined  inner   d iameter ,   the  v e r t i c a l   shaf t   of  a  s l i g h t l y   l e s s e r  

outer   d iameter   than  the  i n t e r n a l   d iameter   of  the  hub,  the  a n n u l a r  

hub  having  a  top  having  a  c i r c u l a r   opening  c e n t r a l l y   d isposed  t h e r e i n  

surrounded  by  an  annular   bea r ing   su r f ace   sur rounding   the  c i r c u l a r  

opening,  the  r o t o r   being  of  a  d iameter   at  i t s   lowest  end  to  s i t   o v e r  

the  annular   bea r ing   su r face   and  close  the  opening,  s e a l i n g   means 

between  the  r o t o r   and  bear ing   su r f ace ,   bear ing   and  s e a l i n g   means 

between  the  annu la r   hub  of  the  bul l   gear  and  s t a t i o n a r y   s h a f t ,   a 

f l u id   passageway  opening  into  the  space  between  the  upper  end  of  t h e  

sha f t ,   and  top  of  the  hub  of  the  bull   gear  and  bottom  of  the  r o t o r  

for  feeding  h y d r a u l i c   f l u id   under  p r e s su re   into  the  space  f o r  

h y d r a u l i c a l l y   e l e v a t i n g   the  bul l   gear  and  ro to r   r e l a t i v e   to  t h e  

base,  means  p r e c l u d i n g   the  bull   gear  and  ro to r   r i s i n g   more  than  a  

p rede te rmined   or  c o n t r o l l e d   d i s t a n c e ,   means  for  feeding  the  f l u i d  

under  p r e s su re   to  the  space,  means  for  d ra in ing   f lu id   from  the  s p a c e ,  

and  a  r e s e r v o i r   for  such  f l u i d .  

8.  The  h y d r a u l i c   suspens ion   system  of  Claim  7,  wherein  the  means 

p rec lud ing   the  bul l   gear  and  ro to r   r i s i n g   more  than  a  p r e d e t e r m i n e d  



or  c o n t r o l l e d   d i s t a n c e   comprises   the  means  for  d r a i n i n g   f l u i d   from 

the  space,   said  l a s t   means  being  a  drain  exposed  to  the  f l u i d   in  t h e  

space  when  the  bu l l   gear  r i s e s   the  p r ede t e rmined   d i s t a n c e .  

9.  The  h y d r a u l i c   su spens ion   system  of  Claim  7  or  Claim  8,  w h e r e i n  

the  b e a r i n g   su r face   is  s p h e r i c a l   to  conform  to  the  shape  of  t h e  

bottom  of  the  r o to r   p roximate   the  pe r i phe ry   t h e r e o f .  

10.  The  h y d r a u l i c   su spens ion   system  of  Claim  7  or  Claim  9,  w h e r e i n  

the  means  p r e c l u d i n g   the  bul l   gear  and  ro to r   r i s i n g   more  than  a  

p r e d e t e r m i n e d   or  c o n t r o l l e d   d i s t a n c e   comprises  the  guy  wires  s e c u r e d  

to  a  coup l ing   assembly  secured   to  the  upper  end  of  the  r o t o r .  

11.  The  h y d r a u l i c   suspens ion   system  of  Claim  7,  wherein   brake  pads  

a r e  i n t e r p o s e d   between  the  bottom  of  the  bul l   gear  and  base  to  s t o p  

the  motion  of  the  bul l   gear  r e l a t i v e   to  the  base  when  the  gear  i s  

lowered  onto  the  b a s e .  

12.  An  upper  head  assembly  for  the  top  of  a  wind  t u r b i n e   f o r  

s e c u r i n g   the  guy  wires  t h e r e t o ,   the  upper  head  assembly  c o m p r i s i n g  

a  guy  wire  coupl ing   to  which  the  guy  wires  are  s ecu red ,   a  s u p p o r t  

for  s u p p o r t i n g   the  guy  wire  coupl ing ,   the  guy  wire  coup l ing   b e i n g  

v e r t i c a l l y   d i s p l a c e a b l e   r e l a t i v e   to  the  suppor t ,   the  guy  wire  c o u p l i n g  

and  suppor t   p r e s e n t i n g   a  housing  and  sha f t ,   the  s h a f t   for   b e i n g  

r e c e i v e d   in  the  housing  and  p r e s e n t i n g   a  space  t h e r e b e t w e e n   f o r  

r e c e i v i n g   f l u i d   for  v e r t i c a l l y   d i s p l a c i n g   the  guy  wire  coupl ing   from 

the  suppor t ,   a  f l u i d   passageway  opening  into  the  space,   means  f o r  

supp ly ing   f l u i d   through  the  f l u i d   passageway  to  e l e v a t e   the  c o u p l i n g  

r e l a t i v e   to  the  top  of  the  wind  t u r b i n e ,   s e a l i n g   means  for  s e a l i n g  

the  space  between  the  s h a f t   and  housing  and  means  to  d ra in   the  f l u i d  

from  the  s p a c e .  

13.  An  upper  head  assembly  for  the  top  of  a  r o t o r   of  a  wind  t u r b i n e  

for  s e c u r i n g   the  guy  wires  t h e r e t o ,   the  upper  head  assembly  com- 

p r i s i n g   a  guy  wire  coupl ing   to  which  the  guy  wires  are  secured ,   and 

a  suppor t   for  s u p p o r t i n g   the  guy  wire  coupl ing ,   the  guy  wire  c o u p l i n g  

and  suppor t   for  s e c u r i n g   at  the  top  of  the  wind  t u r b i n e   and  p r e s e n t i n g  



a  space  the rebe tween   for  r e c e i v i n g   h y d r a u l i c   f l u id   t h e r e i n t o   t h r o u g h  

a  f l u i d   passageway  opening  into  the  space  between  the  suppor t   and 

guy  wire  coupl ing ,   means  for  supp ly ing   f l u id   through  the  f l u i d  

passageway  to  e l eva t e   the  coupl ing  r e l a t i v e   to  the  end  of  the  r o t o r  

s h a f t ,   s e a l i n g   means  for  s ea l i ng   the  space  between  the  guy  w i r e  

coupl ing   and  suppor t ,   and  means  to  dra in   the  f l u id   from  the  s p a c e .  

14.  The  upper  head  assembly  of  Claim  12  or  Claim  13,  wherein  t h e  

wind  t u rb ine   is  a  v e r t i c a l   axis  wind  t u r b i n e ,   the  ro to r   has  a 

v e r t i c a l l y   o r i e n t e d   ro to r   shaf t   and  the  f l u id   passageway  opens  

through  the  top  of  the  ro to r   sha f t   and  the  guy  wire  coupl ing  s e a t s  

over  the  upper  end  of  the  ro to r   s h a f t .  

15.  An  upper  head  assembly  for  s ecu r ing   to  the  top  of  a  ro to r   s h a f t  

of  a  v e r t i c a l   axis  wind  tu rb ine   for  s ecur ing   the  guy  wires  t h e r e t o ,  

the  upper  head  assembly  and  ro to r   s h a f t   p r e s e n t i n g   a  housing  and 

sha f t   t e r m i n a t i n g   in  an  end  wall  and  end  su r face   r e s p e c t i v e l y ,  

the  housing  for  r e c e i v i n g   the  s h a f t ,   one  of  said  housing  or  s h a f t  

secured  to  the  upper  end  of  the  r o t o r   sha f t   and  the  other   for  s e c u r i n g  

to  the  guy  wires ,   the  housing  and  sha f t   being  v e r t i c a l l y   d i s p l a c e -  

able  with  r e s p e c t   to  one  another   by  f l u i d   being  fed  into  a  s p a c e  
between  the  end  wall  and  end  s u r f a c e ,   a  f l u id   passageway  open ing  

into  the  space  through  which  f l u i d   is  fed  into  the  space,  means  f o r  

p r e c l u d i n g   the  guy  wire  coupl ing  r i s i n g   more  than  a  p r e d e t e r m i n e d  

or  c o n t r o l l e d   d i s t a n c e ,   means  for  f eed ing   the  f l u id   under  p r e s s u r e  

to,  and  means  for  d ra in ing   f l u id   from,  the  space,  and  a  r e s e r v o i r  

for  such  f l u i d .  

16.  An  upper  head  assembly  for  s e c u r i n g   to  the  top  of  a  ro to r   of  a 

v e r t i c a l   axis  wind  tu rb ine   for  s ecu r ing   the  guy  wires  t h e r e t o ,   com- 

p r i s i n g   a  shaf t   secured  to  the  top  of  the  r o to r ,   having  a  passageway 

t h e r e t h r o u g h ,   a  head  or  guy  wire  coupl ing   compris ing  a  top  and  a  

cont inuous   wall  extending  theref rom  ex tending   over  the  sha f t ,   the  guy 
wire  coupl ing  and  shaf t   being  v e r t i c a l l y   d i s p l a c e a b l e   with  r e s p e c t  

to  one  another ,   s ea l ing   means  between  the  head  or  guy  wire  c o u p l i n g  

and  the  sha f t ,   means  for  feeding  h y d r a u l i c   f lu id   through  the  p a s s a g e -  

way  in  the  shaf t   to  e leva te   the  head  a  p rede te rmined   d i s t ance   above 



the  s h a f t ,   means  p r e c l u d i n g   the  head  from  r i s i n g   more  than  the  p r e -  

de termined   d i s t a n c e   above  the  s h a f t ,   means  for  f eed ing   f l u i d   u n d e r  

p r e s s u r e   to,  and  means  for  d r a i n i n g   the  f l u i d   from,  the  space  be tween  

the  s h a f t   and  head,  and  a  r e s e r v o i r   for  such  f l u i d .  

17.  An  upper  head  assembly  for  s ecu r ing   to  the  top  of  a  r o t o r   of  a  

v e r t i c a l   axis  wind  t u r b i n e   for  s ecu r ing   the  guy  wires  t h e r e t o  

compr i s ing   a  housing  secured  to  the  top  of  the  r o t o r   having  a  p a s s a g e -  

way  t h e r e t h r o u g h ,   a  guy  wire  coupl ing   compris ing   a  s h a f t   e x t e n d i n g  

into  the  housing,   the  housing  and  guy  wire  coupl ing   being  v e r t i c a l l y  

d i s p l a c e a b l e   with  r e s p e c t   to  one  ano ther ,   s e a l i n g   means  be tween  

the  s h a f t   and  housing,   means  for  feeding  h y d r a u l i c   f l u i d   t h r o u g h  

the  passageway  in  the  housing  to  e l eva t e   the  s h a f t   a  p r e d e t e r m i n e d  

d i s t a n c e ,   means  p r e c l u d i n g   the  sha f t   from  r i s i n g   more  than  a  p r e -  

de termined  d i s t a n c e ,   means  for  feeding  f l u i d   to  e l e v a t e   the  sha f t   and 

means  to  drain  f l u i d   to  lower  the  shaf t   and  a  r e s e r v o i r   for  t h e  

f l u i d .  

18.  The  upper  head  assembly  of  Claim  16,  wherein  the  s e a l i n g  

means  is  between  the  inner   wall  of  the  head  or  guy  wire  a s sembly  

and  outer   su r face   of  the  s h a f t .  

19.  The  h y d r a u l i c   suspens ion   system  of  any one  of  Claims  4,  9 ,  

10  and  11,  f u r t h e r   i n c l u d i n g   an  upper  head  assembly  compr i s ing   a  guy 
wire  coupl ing   to  which  the  guy  wires  are  secured ,   a  suppor t   f o r  

s u p p o r t i n g   the  guy  wire  coupl ing ,   the  guy  wire  coupl ing   b e i n g  

v e r t i c a l l y   d i s p l a c e a b l e   r e l a t i v e   to  the  suppor t ,   the  guy  wire  c o u p l i n g  
and  suppor t   p r e s e n t i n g   a  housing  and  s h a f t ,   the  s h a f t   for  b e i n g  
r e c e i v e d   in  the  housing  and  p r e s e n t i n g   a  space  t he rebe tween   f o r  

r e c e i v i n g   f l u i d   for  v e r t i c a l l y   d i s p l a c i n g   the  guy  wire  coupl ing  from 

the  suppor t ,   a  f l u id   passageway  opening  into  the  space,  means  f o r  

supp ly ing   f lu id   through  the  f l u id   passageway  to  e l e v a t e   the  c o u p l i n g  
r e l a t i v e   to  the  top  of  the  wind  t u r b i n e ,   s e a l i n g   means  for  s e a l i n g  
the  space  between  the  s h a f t   and  housing  and  means  to  dra in   the  f l u i d  
from  the  s p a c e .  

20.  The  hydrau l i c   suspens ion   system  of  any one  of  Claims  4,  9, 
10  and  11,  f u r t h e r   i n c l u d i n g   an  upper  head  assembly  for  t h e  t o p   of  a 
r o t o r   of  a  wind  t u rb ine   for  s ecur ing   the  guy  wires  t h e r e t o ,   the  uppe r  



head  assembly  compris ing   a  guy  wire  coupl ing  to  which  the  guy  w i r e s  

are  secured ,   and  a  suppor t   for  s u p p o r t i n g   the  guy  wire  coupl ing ,   t h e  

guy  wire  coupl ing  and  suppor t   for  secur ing   at  the  top  of  the  wind 

t u r b i n e   and  p r e s e n t i n g   a  space  therebe tween   for  r e c e i v i n g   h y d r a u l i c  

f l u i d   t h e r e i n t o   through  a  f l u i d   passageway  opening  into  the  space  
between  the  suppor t   and  guy  wire  coupl ing ,   means  for  supply ing   f l u i d  

through  the  f l u id   passageway  to  e l eva t e   the  coupl ing  r e l a t i v e   t o  

the  end  of  the  r o t o r   s h a f t ,   s e a l i n g   means  for  s e a l i n g   the  s p a c e  
between  the  guy  wire  coupl ing   and  support   and  means  to  drain  t h e  

f l u i d   from  the  s p a c e .  

21.  The  h y d r a u l i c   system  of  any one  of  Claims  4,  9,  10  and  11, 

f u r t h e r   i nc lud ing   an  upper  head  assembly  for  s ecur ing   to  the  t o p  

of  a  r o t o r   shaf t   of  a  v e r t i c a l   axis  wind  tu rb ine   for  s ecu r ing   t h e  

guy  wires  t h e r e t o ,   the  upper  head  assembly  and  ro to r   sha f t   p r e s e n t i n g  

a  housing  and  shaf t   t e r m i n a t i n g   in  an  end  wall  and  end  s u r f a c e  

r e s p e c t i v e l y ,   the  housing  for  r e c e i v i n g   the  sha f t ,   one  of  said  h o u s -  

ing  or  shaf t   secured  to  the  upper  end  of  the  r o t o r   s h a f t   and  t h e  

other   for  secur ing   to  the  guy  wires ,   the  housing  and  sha f t   b e i n g  

v e r t i c a l l y   d i s p l a c e a b l e   with  r e s p e c t   to  one  another   by  f l u id   b e i n g  

fed  into  a  space  between  the  end  wall  and  end  su r f ace ,   a  f l u id   p a s s a g e -  

way  opening  into  the  space  through  which  f lu id   is  fed  into  the  s p a c e ,  

means  for  p r ec lud ing   the  guy  wire  coupling  r i s i n g   more  than  a  p r e -  

determined  or  c o n t r o l l e d   d i s t a n c e ,   means  for  feeding  the  f l u i d  

under  p re s su re   to,  and  means  for  d ra in ing   f lu id   from,  the  s p a c e ,  

and  a  r e s e r v o i r   for  such  f l u i d .  

22.  The  hydrau l i c   suspens ion   system  of  any one  of  Claims  4,  9,  

10  and  11,  wherein  an  upper  head  assembly  is  secured  to  the  top  o f  

the  r o t o r   for  secur ing   the  guy  wires  t h e r e t o ,   the  upper  head  assembly  

compr is ing   a  shaf t   secured  to  the  top  of  the  ro to r   having  a  p a s s a g e -  

way  t h e r e t h r o u g h ,   a  head  or  guy  wire  coupling  compris ing  a  t o p  

and  a  cont inuous  wall  ex tend ing   therefrom  extending  over  the  s h a f t ,  

means  for  feeding  h y d r a u l i c   f l u id   through  the  passageway  in  the  s h a f t  

to  e l eva t e   the  head  a  p r ede t e rmined   d i s tance   above  the  sha f t ,   s e a l i n g  



means  between  the  head  or  guy  wire  coupl ing  and  s h a f t ,   means  p r e -  

c luding   the  head  from  r i s i n g   more  than  the  p r e d e t e r m i n e d   d i s t a n c e  

above  the  s h a f t ,   means  for  d r a i n i n g   the  f l u i d   from  the  space  b e -  

tween  the  sha f t   and  head,  and  a  r e s e r v o i r   for  such  f l u i d .  

23.  The  h y d r a u l i c   su spens ion   system  of  Claim  22,  wherein  the  p a s s a g e -  

way  in  the  s h a f t   opens  through  the  upper  su r f ace   of  the  s h a f t .  

24.  The  h y d r a u l i c   su spens ion   system  of  Claim  22,  wherein  t h e  

s e a l i n g   means  is  between  the  inner  wall  of  the  head  or  guy  w i r e  

assembly  and  outer   su r f ace   of  the  s h a f t .  

25.  The  h y d r a u l i c   su spens ion   system  of  Claim  21  or  Claim  22,  wherein  t h e  

f l u i d   passageway  leads   from  the  space  between  the  sha f t   suppor ted   by  t h e  

base,  the  bottom  of  the  r o t o r   and  top  of  the  annula r   hub  of  the  bul l   g e a r ,  
and  i nc ludes   a  p r e s s u r e   r e g u l a t i n g   valve  in  the  passageway  to  con t ro l   t h e  

p r e s s u r e   of  the  f l u i d   being  fed  to  the  top  of  the  r o t o r .  

26.  The  h y d r a u l i c   su spens ion   system  of  Claim  21  or  Claim  22,  wherein  t h e  

f l u i d   passageway  leads   from  the  space  between  the  s h a f t   suppor ted   by  t h e  

base,   the  bottom  of  the  r o t o r   and  top  of  the  annu la r   hub  of  the  b u l l  

gear  and  i nc ludes   a  one  way  check  valve  to  p r ec lude   f l u i d   t r a n s m i t t e d  

to  the  upper  end  of  the  s h a f t   from  r e t u r n i n g   via  said  passageway  when 

f l u i d   is  dra ined  from  the  space  between  the  s h a f t   and  hub  and  bo t tom 

of  the  r o t o r .  

27.  The  h y d r a u l i c   su spens ion   system  of  Claim  21  or  Claim  22,  wherein  t h e  

f l u i d   passageway  leads   from  the  opening  between  the  r o t o r   and  top  o f  

the  annular   hub  of  the  bul l   gear  and  end  su r f ace   of  the  sha f t ,   to  open 

through  the  top  of  the  s h a f t   on  top  of  the  r o t o r ,   the  f l u i d   passageway 

i n c l u d i n g   a  p r e s s u r e   r e g u l a t i n g   valve  and  a  one  way  check  valve  be tween  

the  p r e s s u r e   r e g u l a t i n g   valve  and  the  bottom  of  the  r o t o r   to  p r e c l u d e  

f l u i d   t r a n s m i t t e d   to  the  upper  end  of  the  s h a f t   from  r e t u r n i n g   via  s a i d  

passageway  when  f l u i d   is  dra ined  from  the  opening  between  the  s h a f t ,  

hub  and  ro to r   b o t t o m .  



28.  The  h y d r a u l i c   suspens ion   system  of  Claim  27,  wherein  a  damping 

s t r u c t u r e   is  provided  between  the  check  valve  and  top  of  the  f l u i d  

passageway  opening  through  the  top  of  the  sha f t   on  the  top  of  the  r o t o r  

for  d i s s i p a t i n g   energy  in  the  s y s t e m .  

29.  The  h y d r a u l i c   suspens ion   system  of  Claim  28,  wherein  the  damper 

comprises  a  r e s t r i c t i o n   in  a  c o n d u i t .  

30.  The  h y d r a u l i c   suspension  system  of  Claim  28,  wherein  the  damper 

comprises  a  r e s t r i c t i o n   in  a  condui t   and  a  hyd rau l i c   damper  c o n n e c t e d  

in  s e r i e s   to  the  r e s t r i c t i o n   for  d i s s i p a t i n g   e n e r g y .  

31.  The  h y d r a u l i c   suspension  system  of  Claim  4,  f u r t h e r   i n c l u d i n g   an 

overspeed  s a f e ty   device  which  causes  the  rapid   dra inage  of  f l u i d   in  t h e  

space  between  the  inner  end  wall ,   end  su r face   and  bottom  of  the  r o t o r  

lowering  the  bul l   gear  onto  the  brake  pads  when  the  angular   v e l o c i t y  

of  the  r o t o r   exceeds  a  p rede te rmined   angular   v e l o c i t y ,   the  o v e r s p e e d  

sa fe ty   device  compris ing  a  passage  having  an  open  end,  the  passage  l e a d -  

ing  from  the  space  between  the  inner   end  wall,   end  su r face   and  bo t tom 

of  the  r o t o r ,   means  c los ing   the  opening  comprising  a  p i v o t a b l e   arm, 

p i v o t a b l e   r a d i a l l y   away  from  the  r o t o r   proximate  one  end  of  the  arm  and 

means  on  the  other   end  for  c lo s ing   the  passage,   a  housing  or  tube  s e c u r e d  

to  p ivot   with  the  p i v o t a b l e   arm  r a d i a l l y   away  from  the  r o t o r ,   the  t u b e  

o r i e n t e d   at  an  angle  to  the  p i v o t a b l e   arm  when  the  means  on  the  end  o f  

the  p i v o t a b l e   arm  c loses   the  passage ,   to  extend  r a d i a l l y   a n g u l a r l y   away 

from  the  r o to r   looking  from  the  bottom  of  the  housing  or  tube  to  t h e  

top,  the  housing  or  tube  c o n t a i n i n g   a  r o l l i n g ,  e l e m e n t   or  f l u id   which 

moves  r a d i a l l y   up  the  tube  to  the  upper  end  t he r eo f   when  the  r o t o r  

exceeds  a  given  p rede te rmined   angular   v e l o c i t y   causing  the  tube  t o  

pivot   away  from  the  ro tor   causing  the  p i v o t a b l e   arm  to  p ivot   o p e n i n g  

the  passage,   a  r e c e p t a c l e   for  r e c e i v i n g   f lu id   passing  from  the  open  end 

of  the  passage  and  a  drain  for  d r a in ing   the  f l u i d .  

32.  The  h y d r a u l i c   suspension  system  of  Claim  31,  wherein  the  r e c e p t a c l e  

comprises  an  enc losure   for  enc los ing   the  p ivo t ab l e   arm,  tube  and 

housing  and  open  end  of  the  p a s s a g e .  



33.  The  h y d r a u l i c   suspens ion   system  of  Claim  31,  wherein  the  p i v o t -  

able  arm  and  housing  or  tube  are  p i v o t a b l e   on  a  common  s h a f t .  

34.  The  suspens ion   system  of  Claim  31,  wherein  the  r o l l i n g   e lement   o r  

f l u i d   comprises   a  r o l l i n g   e l e m e n t .  

35.  The  suspens ion   system  of  Claim  34,  wherein  the  r o l l i n g   element  is  a  

c y l i n d e r   and  the  tube  is  r e c t a n g u l a r   in  c r o s s - s e c t i o n .  

36.  The  suspens ion   system  of  Claim  31,  wherein  the  r o l l i n g   element  is  a  

sphere  and  the  tube  is  r e c t a n g u l a r   in  c r o s s - s e c t i o n .  

37.  An  overspeed  s a fe ty   device  for  ensur ing   the  o p e r a t i o n a l   s a f e t y   of  a  

r o t a t i n g   body,  r o t a t i n g   about  a  v e r t i c a l l y   o r i e n t e d   axis  which  body  f o r  

s a fe ty   could  not  exceed  a  p r e d e t e r m i n e d   angular   v e l o c i t y ,   the  s a f e t y  

device  compris ing   a  housing  or  tube  p i v o t a b l e   about  a  p ivo t   po in t   p r o x -  
imate  a  lower  end  of  the  tube,   r a d i a l l y   away  from  the  c en t r e   of  t h e  

r o t a t i n g   body,  the  housing  o r i t u b e   having  a  su r f ace   i n c l i n e d   r a d i a l l y  

upwardly  and  away  from  the  cen t r e   of  the  r o t a t i n g   body  from  the  bo t tom 

to  the  top  to  suppor t   a  r o l l i n g   element  or  f l u i d   thereon   which  moves  up 
the  i n c l i n e d   su r face   to  the  upper  end  of  the  tube  or  housing,   away  from 

the  cen t r e   of  the  body  when  the  r o t a t i n g   body  exceeds  a  p r e d e t e r m i n e d  

angula r   v e l o c i t y   causing  the  tube  to  p ivot   about  the  p ivo t   p o i n t ,   and 

means  a c t i v a t e d   by  the  p i v o t i n g   of  the  tube  to  ope ra te   in  a  p r e -  
de termined  manner .  

38.  The  overspeed  s a fe ty   device  of  Claim  37,  wherein  the  r o l l i n g  

element  o r . f l u i d   is  a  r o l l i n g   e l e m e n t .  

39.  The  overspeed  sa fe ty   device  of  Claim  38,  wherein  the  r o l l i n g   e l e m e n t  

is  a  c y l i n d e r   and  the  tube  is  r e c t a n g u l a r   in  c r o s s - s e c t i o n .  

40.  The  overspeed  s a fe ty   device  of  Claim  38,  wherein  the  r o l l i n g   e l e m e n t  

is  a  sphere  and  the  tube  is  r e c t a n g u l a r   in  c r o s s - s e c t i o n .  

41.  The  overspeed  s a fe ty   device  of  any one  of  Claims  37  to  40,  w h e r e i n  

the  device  is  appl ied   to  a  v e r t i c a l   axis  wind  t u rb ine   for  caus ing   t h e  



a c t i v a t i o n   of  a  device  mounted  on  the  wind  t u rb ine   when  the  wind  t u r -  

bine  exceeds  a  p r e d e t e r m i n e d   angular   v e l o c i t y .  

42.  The  overspeed  s a f e ty   device  of  any one  of  Claims  37  to  40,  w h e r e i n  

the  device  is  app l i ed   to  a  v e r t i c a l   axis  wind  t u rb ine   having  a  b u l l  

gear  s u p p o r t i n g   a  r o t o r ,   both  for  r o t a t i o n ,   a  base  over  which  t h e  

bul l   gear  r o t a t e s ,   the  bull   gear  and  base  p r e s e n t i n g   a  hous ing  and   a  

sha f t   t e r m i n a t i n g   in  an  inner   end  wall  and  end  su r f ace ,   the  h o u s i n g  

for  r e c e i v i n g   the  s h a f t ,   one  of  said  housing  or  sha f t   being  s t a t i o n a r y  

and  the  other   being  r o t a t a b l e   with  r e s p e c t   t h e r e t o   and  secured  to  t h e  

bul l   gear,   a  f l u i d   passageway  for  feeding   h y d r a u l i c   f l u id   between  t h e  

inner  end  wall  and  end  su r face   to  e l eva t e   the  bul l   gear  with  r e s p e c t  

to  the  base,  spac ing   the  end  wall  and  end  su r f ace   by  a  space,  means  f o r  

feeding  f l u id   to  c r e a t e   the  space,  and  a  passageway  leading  from  t h e  

space  normally  c losed   and  the  means  a c t i v a t e d   by  the  p ivo t ing   of  t h e  

.housing  or  tube  comprises   a  p i v o t a b l e   arm  p i v o t a b l e   by  the  p i v o t i n g  

of  the  tube  from  a  p o s i t i o n   c los ing   the  f l u id   passageway  leading   from 

the  space  to  a  p o s i t i o n   opening  the  s p a c e .  

43.  The  overspeed  s a f e ty   device  of  any one  of  Claims  37  to  40,  w h e r e i n  

the  device  is  app l ied   to  a  v e r t i c a l   axis  wind  tu rb ine   having  a  b u l l  

gear  suppor t ing   a  r o t o r ,   both  for  r o t a t i o n ,   a  base  over  which  the  b u l l  

gear  r o t a t e s ,   the  bu l l   gear  and  base  p r e s e n t i n g   a  housing  and  a  s h a f t  

t e r m i n a t i n g   in  an  inner   end  wall  and  end  su r f ace ,   the  housing  for  r e -  

ce iv ing   the  sha f t ,   one  of  said  housing  or  sha f t   being  s t a t i o n a r y   and 

the  other   being  r o t a t a b l e   with  r e spec t   t h e r e t o   and  secured  to  the  b u l l  

gear,   a  f l u id   passageway  for  feeding  h y d r a u l i c   f l u id   between  the  i n n e r  

end  wall  and  end  su r f ace   to  e l eva te   the  bull   gear  with  r e spec t   to  t h e  

base,  spacing  the  end  wall  and  end  su r face   by  a  space,  means  for   f e e d -  

ing  f l u i d   to  c rea te   the  space,  and  a  passageway  leading  from  the  s p a c e  

normally  closed  and  the  means  a c t i v a t e d   by  the  p ivo t ing   of  the  h o u s i n g  

or  tube  comprises  a  p i v o t a b l e   arm  p i v o t a b l e   by  the  p ivo t ing   of  t h e  

tube  from  a  p o s i t i o n   c los ing   the  f l u id   passageway  leading  from  the  s p a c e  

to  a  p o s i t i o n   opening  the  s p a c e .  

44.  The  overspeed  sa fe ty   device  of  Claim  37,  wherein  said  l a s t   means  i s  

connected  to  the  housing  or  t u b e .  



45.  A  r o t o r   sha f t   for  a  v e r t i c a l   axis   wind  t u r b i n e ,   the  r o t o r   s h a f t  

t a p e r i n g   from  a  broader   c e n t r a l   p o r t i o n   to  i t s   e n d s .  

46.  The  r o t o r   s h a f t   of  Claim  45,  wherein  the  t apered   ro to r   s h a f t   com- 

p r i s e s   two  s e c t i o n s ,   each  s e c t i o n   having  a  broader   end  t a p e r i n g   to  a  

narrower   end  for  j o i n i n g   t o g e t h e r   at  the  b roader   e n d s .  

47.  The  r o t o r   s h a f t   of  Claim  46,  wherein  each  broader   end  i n c l u d e s   an  

annular   f lange   su r round ing   the  end  for  j o i n i n g   to  the  f lange  of  t h e  

other   s e c t i o n   to  form  the  t ape red   r o t o r   s h a f t .  

48.  The  r o t o r   s h a f t   of  any one  of  Claims  45  to  47,  wherein  the  s h a f t  

is  c i r c u l a r   in  c r o s s - s e c t i o n .  
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